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“This BEND makes lighter distribution 


transformers possible.....“ 


“Primarily, the core determines the weight and size of a 
distribution transformer. Low-loss cores require less core 
steel, less copper in the windings, smaller tanks, less cooling 
oil and ultimately result in a reduction of overall dimensions. 
“The problem then is to design lighter, smaller cores. How is 
it done? 


2 solution was found more than a quarter 
It was then that Kuhlman first introduced 


to provide 


This Kuhln 


has been the basis of core development since. 


“In recent times, bent iron cores, as opposed to stacked- 
lamination designs, have been responsible for such major 
improvements as: 100 KVA reduced to the former weight of 
a 75 KVA unit—75 KVA to the former weight of a 50 KVA 


nit, and so on down the line 


“Today, virtually all transformer manufacturers use some 
form of bent iron core. The original Kuhlman name ‘Bent 
Iron’ core is well worth remembering—for in all its adapta- 
tions, it’s still the Bend that is the key to today’s lightweight 
distribution transformers.” 
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This Okonite 46kv paper-insulated submarine cable— 
16 miles of it—was recently installed by Consumers 
Power to carry high voltage power across the Mackinac 
Straits in Michigan. Four 4-mile lengths were used. 





A 6 I 


ew Consumers Power circuit links upper 
and lower Michigan for first time 


For critical power installations like this one, leading 
utilities most often place their confidence in Okonite. 


== 


Okonite solid type paper-insulated 46 kv submarine cable 


Here’s why. 
With few exceptions, paper-insulated cables are 
purchased under the basic AEIC specification. But 


this ‘‘spec’”’ does not take into account the experi- 
ence, the manufacturing methods, or the service 
records of the manufacturer. And when you buy a 
cable like the one illustrated above, these assurances 
of extra quality are of utmost importance to you. 


Combine these with the carefully researched and 
tested components of Okonite paper-insulated cables 
and you have real circuit security. Available with 
either copper or aluminum conductors, these fea- 
tures are discussed in detail in Bulletin EG-1052. 
Write for it today. The Okonite Co., Passaic, N. J. 


where there’s electrical power... there’s. OKO WN iTE  « AB LE 


4320 














Charles S. Rich 


Editor and Manager 
of Publications 


G. C. Baxter Rowe 


Associate Editor 


Editorial Assistants 
A. M. Fallert 


E. Jacobs 
V. S. Tavitian 
S. Walters 
R. E. Whitlock 


J. S. Lopes 


Central Advertising 


Director 
J. S. Holzer 


Eastern Advertising 
Director 


A. E. Del Gado 


Mid-West Advertising 
Director 

1604 Chicogeo Ave., 
Evanston, {il 

Tel.: University 4-5353 


T. P. Galavan 
A. O. Dillenbeck, Jr. 


West Coast Adv. Office 
266 South Alexandria Ave 
Los Angeles 4, Calif 

Tel.; DUnkirk 5-3991 


Waldo Schraubstader 


Market Research 
Director 


M. R. Rodgers 


Advertising Production 
Manager 


@ 


Member 
Audit Bureau of Circulations 


Technical Paper Digests 


Second Order Saturated Servomechanisms J. W. Diesel 
Economic Aspects of the Residential Heat Pump C. W. Bary 
Coupling Methods for Power Line Corrier Systems DD. E. Jones, P. W. Waddington 
Transformer Oil Preservation Methods R. B. Kaujman, J. L. Pierce, E. R. Uhlig 


Departments 


Institute Activities 
Dr. Kelly Lounches Fund Drive for New United Engineering Center 
Largest Technical Program Scheduled for 1958 AIEE Winter General Meeting 
AIEE Winter General Meeting, New York, N. Y., February 2-7, 1958, Tentative 
Technical Program 
AIEE Future Meetings 
ECPD-EJC Joint Assembly and 25th Annual Meeting of ECPD 
R. P. Crago Chosen Outstanding Young Engineer 
D. A. Quarles Receives Award of Merit 
J. K. Hodnette To Receive the Edison Medal for 1957 
Committee Activities 
AIEE Fellows Elected 
AIEE Personalities 
Obituaries 
Membership 
Electrical Engineering Education 
AIEE in University of Santa Clara 
Canada’s First Subcritical Atomic Reactor for Educational Purposes 
JESS! Aids Students in Choosing Future Careers 
An Electrical Engineer in Industry 
AIEE St. Louis Section Meets with Student Branches 
AIEE-IRE Students Hold Inter-University Convention 
Of Current Interest 
Scientists Develop “Four-Way" Mognetic Steel 
Future Meetings of Other Societies 
Long-Range Ballistic Missiles Photographed by New Optical System 
Radioactive Neutron Decoy Flouts “Parity Conservation” Low 
Pressure Conditions 95-Miles Up Simulated 
Technique Developed for Preparation of Niobium 
Automatic Londing System Successfully Londs Navaho X-10 
Letters to the Editor 
New Books 
Technical Literature 
Annual Index to Electrical Engineering, 1957 
Industrial Notes 
New Products 
Trade Literature 
Index to Advertisers 


Statements and opinions given in articles appearing in ELECTRICAL ENGINEERING 
are expressions of contributors, for which the Institute assumes no _ responsibility 
Correspondence is invited on controversial matters. Published monthly by the 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Founded 1884 


Headquarters, 10th floor . Editorial Offices, 6th floor 
33 West 39th Street, New York 18, N. Y. 


W. J. BARRETT, President N. S. HIBSHMAN, Secretary 


PUBLIC ATIONS DEP eo L. R. Gaty, Chairmen H. N. Muller, Jr.. Vice-Chairman C. S. Rich, Secretary 
a Braymer Cc. E. Dean L. K. Del Homme W. F. Deakhaus 

g. Ff. . Maat W. R. Harris W. Scott Hil C. W. Leihy F. C. Roberts J. D. Tebo 
ELECTRICAL ENGINEERING. Published monthly by the American Institute of Electrical Engineers: pu t 
office Hildreth Press, Bristol, Conn. Editorial and advertising offices 33 West 3%h S Hes York = N. Y. 
Member subscription $6 per year nondeductible from dues; single copy 75 cents. N + scription $12 per 
year plus extra postage to all countries to which second-class postage rate does not single copy $1. 50. En- 
tered as second-class matter at the Post Office, Bristol, Conn. under the Act of Congress of March 3, 1879. 
Accepted for — i, at special postage rates provided for in Section 538, P. L. & R. Act of February 28, 1925. 
January 1958. Vel. 77, No. 1. Number of copies this issue, 66,000. 











where POWER is VITAL 


Night view of Walt Whitman Bridge span- 
ning the Delaware between South Phila- 


ASCO TRANSFER SWITCHES pistes 
assure continuous lighting and power 
on the Walt Whitman Bridge 


Along the six and one half mile length of the new Walt Whitman Bridge 
and its approaches, ASCO Automatic Transfer Switches stand ready to 
provide around-the-clock power insurance. Their duty: to transfer the 
bridge lighting and toll gate power and lighting load automatically to the 
alternate source in case of prime power failure. 
In hospitals, communications, power plants — wherever lives and 
valuable equipment are at stake— ASCO transfer switches are specified 
for their inherent dependability: Engineer checks ASCO Transfer Switch 
built into thirteen power stations spotted 
Check these advantages of ASCO Transfer Switches... every 1000 yards along iength of bridge 


¢ continuous duty rating in either normal or emergency position 

¢ capacity to withstand inrush currents 20 times full load rating 

¢ mechanical locking, providing sure contact pressure 

e singie coil design 

e»built-in time delay, so that equipment ignores harmless 
momentary outages 

¢ accessories to meet your specific requirements 

¢ full phase protection and other design features 


Write for Booklet 596 describing how to select an adequate transfer 
switch. Or write in on company letterhead, specifying Catalog 57-S1, 
covering complete line of ASCO automatic transfer switches. 


Bulletin 90804C, single phase, 3 Wire, 2 

Pole Transfer Switch provides full protec- 

° e tion against line drop below 70% of nor- 
Automatic Switch Co mal. ASCO Transfer Switches in_ sizes 
- from 100 to 1200 amperes in A-C and 


50-K Hanover Road, Florham Park, New Jersey D-C voltages to 750 volts protect life and 
FRontier 7-4600 property in every conceivable installation: 












MINIATURE 
VOICE MULTIPLEX EQUIPMENT 
FOR RADIO SYSTEMS 


FOUR TO 124 CHANNELS 

A series of miniaturized voice-multiplex systems providing 
from four to 124 voice channels over a radio system cre now 
available. These systems have been designed specifically for 
radio use, and are not simply converted wire-line carrier-tele- 
phone systems. They have all the advantages which design for a 
specific application produces: High performance, small size, 
light weight, low cost, circuit simplicity, low power require- 
ments, small number of tubes of a single type, low operating 
cost, low maintenance cost and high reliability. 


CHANNEL CHARACTERISTICS 


These systems provide a voice channel flat within 1 db from 
300 to 3500 cycles, for each 4 ke of bandwidth occupied. 
Each channel is obtained as the lower sideband in a single- 
sideband syppressed-carrier amplitude-modulation arrange- 
ment, and is equipped with hybrid, signalling, and dialling 
circuits for all the standard 2-wire and 4-wire loop options. 
These systems are ordinarily arranged for a net loss of 3 db 
between 2-wire v-f loops or a net gain of 5 db between 
4-wire v-f loops. Volume limiters are optional on all channels. 
On the high-frequency side the transmitting level is O dbm and 
the receiving level —20 to +10 dbm per channel. Crosstalk 
between channels is more than 55 db below these levels, and 
any harmonic in one channel is more than 30 db below these 
levels. 


TELEGRAPH GROUP 

A telegraph channel is provided on which up to 8 teletype 
circuits can be multiplexed without double modulation. By 
dropping telephone channels, this telegraph group channel can 
be extended in width in 4 kc increments up to 20 kc, for data 
transmission service. An order-wire channel and telephone set 
are provided for each group of up to 24 channels. Channels 
can be added five at a time. Full flexibility is provided for 
dropping and inserting channel groups at repeater and ter- 
minal points. In all systems moderate lengths of 4-wire cable or 
open-wire line may be inserted between the multiplex equip- 
ment and the radio terminals. 

Miniature frequency-shift telegraph multiplex equipment of 
from one to 24 channels is also available. 


RADIO ENGINEERING PRODUCTS 


CANADA 


1080 UNIVERSITY ST., MONTREAL 3, 


TELEPHONE 
UNiversity 6-6887 


CABLES 


RADENPRO MONTREAL 
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Type FI830 24-channel voice-multiplex 
termingl complete with hybrids, ringing and 
dialling circuits, and test facilities. Dimen- 
sions are 58" high, 16" wide and 8” deep. 
Power input 250 watts. Weight 326 Ibs. 
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international Rectifiers 


For all DC needs from microwatts to megawatts! 
GERMANIUM 


GERMANIUM DIODES 


(en 


SELENIUM 


SUB-MINIATURE SELENIUM DIODES 


Developed for use in limited space at ambi- 
ent temperatures ranging from =-50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA, Bulletin $O-18 


HIGH VOLTAGE CARTRIDGE RECTIFIERS. 


Designed for long life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
available. Operating temperature range: 
—65°C to +100°C. Specify Bulletin H-2 


TV AND RADIO RECTIFIERS 


Se 


a 
2 


The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 156 volts AC and up. DC 
output current 50 to 1,200 MA. Write for 
application information. Bylletin ER-178-A 


INDUSTRIAL POWER RECTIFIERS 


For all DC power needs from microwatts 
to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings: 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts te 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


OF Ol, 
° ~~. 


This series of general purpose, high quality 
point contact diodes provide excellent 
rectification efficiency for very high fre- 
quency applications. Special “RED DOT” 
series available for ambient temperatures 


from —55° C to +100° C. Bulletin $2-140. 


GERMANIUM RECTIFIER STACKS 


Ror® 


Extremely low reverse le akage values 

this series ideal for magn an fier 
applications. These units utilize 10 amp 
junctions—26 to 66 AC input volts ms— 
are available in a wide range of circuit types 


and DC current ratings. Bulletin SR-148. 


R-COOLED GERMANIUM JUNCTIONS 


“A 


Engineered for heavy power applications, 
these highly efficient forced air cooled units 
feature moisture and corrosion resistant 
housings. A complete series in each of 3 
current ratings: 150, 330 and 500 Amperes 
@ 26 to 66 volts rms. Request Bulletin GPR-2. 


LIQUID COOLED GERMANIUM JUNCTIONS 


Liquid cooled for maximum power in mini- 
mum space. Junction rating: 670 amps at 
26 to 66 volts rms. Housed in et Rensee uc- 
tivity copper cast around special steel coils 
Water, oil or other accepted coolants may 


be used. For complete data. Bulletin GPR-2. 


SILICON 


Hund rex ds of types 1 

operating temperat 

+1530 re Up to 800: 

per junction over a v sine range 

1,000 PIV. Hermetically sealed. For com- 
plete information on all types. Bulletin SR-A. 


miniaturizati 
r h temp tu 
applications fre a1 00 volts PIV at | 
half-wave DC output to 16,000 volts PIV 
at 45ma. Hermetically sealed, metallized 
ceramic housing. Request Selletin S2-1398 


SILICON MEDIUM POWER RECTIFIERS 


ffl 


The most conservatively rated silicon recti 
fiers in the industry! When fin-mounted, the 
convection cooled rating at 45°C ambient is 
30 amps rectified de output; 115 amps under 
forced cooled conditions. All-welded, her 
metically sealed. Request Bulletin $8-143 D 


These units consist of hermetically sealed 
junction d liode *s mounted on copper cooling 
fins, stacked to include the interconnections 
required for specific circuits. Junction 
ratings: 1.25 amps. DC output; 70 to 350 
AC input volts rms. Request Sulletin $8-137A. 


‘ international Rectifier 


ce. 2 ee: S&S FF 4.8 
é EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA + PHONE OREGON 8-628! 
‘ : ae 
Yen nest 


THE WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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DOSSERT 
HIGH-STRENGTH 
BUS SUPPORTS 


e Higher cantilever strength e Higherimpact resistance 
e@ Higher corrosion resistance e Greater durability 


These Dossert Bus Supports are made of a high 
tensile strength cast bronze alloy and are equipped 
with silicon bronze bolts and nuts, making the 

entire unit completely non-magnetic. Available for all 
sizes and types of busses. Dossert Bus Supports 

can also be furnished in Coupling, Tee Connecting, 
Elbow Connecting, Tee Coupling and 

Expansion Connection types. 


Special fittings and modifications can 


al) DOSSERT MFG. CORP. 


tnewaes 249 Huron Street, Brooklyn 22, N.Y. e Representatives in all principal cities 
IN CANADA: W. S. Gerrie & Assoc., Ltd., Toronto 





When Keen Vision is Important... 





s | 
‘ 
a You want the Best Lenses 


Prescribed for your Glasses... 





and 


HOLOPHANE Prismatic Units 


Custom-Engineered for your Lighting 





Exact specification is the basis of an optical prescription... 
The same holds true in planning any form of lighting. . . 


' tr 
wottee tl a 


Holophane’s undeviating precision in manufacturing 
prismatic products for lighting just can’t be duplicated by 
“rolling” methods. Every Holophane lens is individually 
PRESSED — one by one — on equipment specially built for the 
operation. It is only by this careful process that we can 
keep the prismatic patterns precise enough to direct and control 
the light with utmost accuracy. This craftsmanship makes 
the difference between specification and approximation . .. 
Holophane CONTROLENS*, Reflectors and Refractors 
are the vital components of custom-engineered lighting systems, 
scientifically designed for the specific purpose .. . They offer 
finest quality, consistently predictable performance, 

} and low cost per unit in terms of light delivered. 


To be sure of quality . . . look for the name 
Holophane impressed in each piece 


-/HOLOPHANE 


| a COMPANY, INC. © Lighting Authorities Since 1898 
For Better Lighting D ..+ Be Specific 342 Madison Ave., New York 17, N.Y. 
THE HOLOPHANE CO., LTD., 418 KIPLING AVE. SO., TORONTO 14, ONTARIO 





do your drawings 
do justice to 
your designs? 


It takes a sharp drawing to sell a sharp idea 

—and you're halfway there when you pick up an 
EAGLE TURQUOISE drawing pencil. No pencil on the 
market can match TURQUOISE for reproduction! 
For one thing, TURQUOISE is tops for uniform grading. 
17 scientific formulas guarantee exactly the blackness 
you want—from every pencil, every time! You get a strong 
needle point that just won't crumble—and stays sharp for 
q line after long line of unchanging 

. width. You can't beat it for smooth- 

ness, either—thanks to Eagle's 

exclusive *‘‘Electronic’”’ graphite. 

TURQUOISE makes your drawings look 

sharp—and you, too! 


TURQUOISE 





® TURQUOISE CLEANTEX ERASER: @ TURQUOISE DRAWING LEADS: Fit any standard holder. Grades 5B through SH. 
Super-soft, non-abrasive rubber. 


®@ TURQUOISE LEAD HOLDERS: Hold any grade of Turquoise lead—so firmly that lead cannot be pressed back 


EAGLE "TURQUOISE #22 


are the largest-selling in the United States! 


EAGLE PENCIL COMPANY © NEW YORK + LONDON + TORONTO «+ MEXICO + SYONEY 


[ANU aRY 1958 lease ention ELECTRICAL ENGINEERING 





EFFECT SUBSTANTIAL 


USE G&W HI-LO 


Looping an existing circuit through a new step-down 
substation being built created a problem for the 
Philadelphia Electric Company. The existing single 
conductor 69kv low pressure oil filled cables could 
have been cut and extended to the new substation 
with cables of the same type and by using commer- 
cially available joints for the purpose. However, a 
thorough study of the plan revealed that the use of 
high pressure oil filled pipe type cables for the new 
lines would result in substantial savings. The prob- 
lem: no proven stop joint was available. 

The solution was found in G&W’s long experience 
and complete facilities for designing and manufac- 
turing high voltage cable devices. A successful stop 
joint to connect 69kv low pressure oil filled cable 
with high pressure oil filled pipe type cable was 
produced by G&W collaborating with Philadelphia 
slectric Company and Phelps Dodge Copper Products 


Corporation. 

\ few months after Phiiadelphia Electric’s in- 
stallation was completed a large western utility also 
learned that the HI-LO joint would be profitable to 


use in its system changes. Installation will be made 
early in 1958. A HI-LO joint may help reduce the 
cost of plans you are contemplating for the future. 
Review them completely. Our cooperation is assured. 
TEST DATA—AIll mechanical and electrical tests 
proved satisfactory. No evidence of distress, such as 
carbonization or tracking, was found upon visual 
inspection and dissection of the joints. Electrical 
tests in accordance with A.I.E.E. No. 48—Standards 
for Potheads and High Voltage Time Test of A.E.I.C, 
Specifications for Pipe Type Cable were as follows: 
Impulse voltage withstand (350kv required) —OK 
60 cycle, one minute withstand (175kv required) —OK 
60 cycle, long time tests (97kv required for 6 hours) —OK 

a) Withstood 123kv for 6 hours 

b) Withstood 148kv for 6 hours 


c) Withstood 172kv for 26 minutes—pipe type cable 


failed outside of joint 





SUBSTATION 











LOW PRESSURE OIL 
FILLED CABLES 


HIGH PRESSURE OJL 
FILLED PIPE TYPE CABLES 


GENERATING STATION GENERATING STATION 











HI-LO JOINTS 


ELECTRICAL ENGINEERING 


Terminal connectors of the opposing pothead ends are joined 
by copper straps. This central section is enclosed with a 
copper sleeve shield which constitutes the high voltage 
electrode. 


Lucite tubes fit in ends of the copper shield and extend over 
poper insulated lengths of pothead porcelains. Oil passage 
to the shield cavity is provided by Tygon tubing spirally 
wound between crepe paper insulation and Lucite tubes. 


Additional crepe paper is applied to a uniform diameter 
over the Lucite-copper-Lucite assembly for overall joint 
insulation. Casing may be sealed by welding or by couplings. 


ELECTRICAL ENGINEERING 





SAVINGS -:::- 


PRESSURE STOP JOINTS 


Each joint consists essentially of two potheads enclosed in an oil filled non-magnetic steel casing. 


G& W ELECTRIC SPECIALTY COMPANY 


3500 WEST 127TH STREET- BLUE ISLAND -ILLINOIS 


ATJ581 
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short-time emergency 
overload capability 
for SMD Power Fuses 


120 40 6160) 180 200 


MOW eee 
even for overloads 
you can match 


4 00 120 140 160 180 200 100 120 140 


Lood Current in Per Cent of Lood Current in Per Cent of 
SMD-1 Fuse Unit Ampere SMD-2 Fuse Unit Ampere 
Rating Rating 


The pressure is on to obtain maximum 
utilization of power transformer capacity. 
This pressure has led to precise evaluation 
of transformer short-time overload capabil- 
ities—for both daily peaks and occasional 
emergencies. 

To keep pace, S&C has made correspond- 
ingly precise evaluations of the overioad 
capabilities of its power fuses. 


The result: (1) New fusing tables (mini- 
mum ampere rating recommendation) which 
recognize short-time daily overload and (2) 
new curves (see above) which permit you to 
subject power fuses to extreme short-time 
overload during emergencies, as when one 
transformer picks up the load of another. 

All of this is part of a new method ior 
power fuse selection contained in a 16-page 
package—Data Bulletin 262. For your copy, 
write to S&C Electric Company, 4427 
Ravenswood Ave., Chicago 40, Ill. In Can- 
ada: S&C Electric Canada, Ltd., 8 Vansco 
Road, Toronto 14, Ontario. 





SaC ELECTRIC 
COMPANY 











at 
Unemobile * 


\ 
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FORMULA FOR A NEW BABY OF 


+. 


High speed photography helps Oldsmobile engi- Essentially, these photographs act as an analog com- 
neers translate the theory of camshaft design into puter. Analysis gives a plot of the actual “lift curve” of 
practical reality. the camshaft—the exact linear movement of the valve at 


; each degree of camshaft rotation. It tells at what points 

Developing the “brains” of an engine—its camshaft— the valve opens and closes and also whether the valve 
demands engineering skill of a high order. both in a a a oe : 

" ; o the cam as it should. s curve, com- 

“ory and practice. Advanced techniques of precision : 

theory and practice. Ac ced tet oF a pared to the theoretical lift curve is a definite point for 

measurement guide Oldsmobile engineers in creating a = e 

refining to begin—to make sure that design theory will 

profile design of optimum efficiency. 


be production practice. With this exact and rapid tech- 


; . nique of analysis, as many as 50 experimental camshafts 
lo determine exactly what happens in a valve train = “ . —— : : 


‘ een Ce ee ae a 
system, movies are taken at speeds up to 15,000 frames may be tested before a final design is fixed. 


per second. The valve train under study is assembled in The Inquiring Mind at Oldsmobile is never at rest in 
an engine block and driven by an electric dynamometer its attempt to build the best engineered car in the indus- 


at precisely controlled speeds. A vernier scale, silver try. Test drive the “58 Oldsmobile and you'll find it’s the 


soldered to the valve spring retainer, is photographed finest product in our 60-year history. 


as it moves with the valve’s opening and closing. 
OLDSMOBILE DIVISION, GENERAL MOTORS CORP 


OL DSMOBILE > Pioneer in Progressive Engineering 


---Famous for Quatity Manutacturing 
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radically new, 
better way 
to make 


15 KV BUTYL- 
INSULATED 
CABLE! 


ention ELECTRICAL ENGINEERING wher 


a oO) Se - 5 ic 


NEW VERTICAL CONTINUOUS 
VULCANIZATION ASSURES 
CONCENTRIC INSULATION. 
THE RESULT IS UNIFORMLY 

HIGH DIELECTRIC STRENGTH 
AND IMPROVED CORONA 
LEVEL—THROUGHOUT THE 
LENGTH OF THE CABLE! 


Unlike cable cured by other means, 
butyl-insulated high-voltage cable 
produced by Roebling’s new Vertical 
Continuous Vulcanization method is 
never eccentric, abraided, flattened, 
scored, and its diameter never varies. 
Conductor is centered through every 
inch of the cable. What’s more, the 
butyl insulation, even in “thick-wall”’ 
cables, is dense, free from internal 
blisters because every foot is cured at 
the same temperature and pressure. 
Controlled concentricity, plus uniform 
dense insulation, gives these cables 
their exceptional dielectric strength 
and corona level. 

This is superior cable—we don’t 
know how else to say it. For complete 
information write Electrical Wire Di- 
vision, John A. Roebling’s Sons Cor- 
poration, Trenton 2, New Jersey. 


ROEBLING VCV 15KV CaBLEs are avail- 
able in a complete range of strand construc- 
tions and insulation thicknesses—and with 
shielding, sheathing and other specifica- 
tions that exactly meet your requirements. 


ROEBLING & 


ae 
h Offices in Principal Cites @ 


Subsidiary of The Colorado Fuel ond Iron Corporation 
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Here’s how ro works! 


Conductor is put under 
controlied tension, which 
is maintained during en- 
tire insulating process. 














Butyl insulation is ex- 
truded downward around 


conductor. 














Vulcanization takes place cc 
tinuously and uniformly in ver- 
tical tube. Constant high steam 
pressure assures dense, sound 
insulation. 





Strand wrapped in semi- 
conducting tape goes up 
through 4-story, high- 
temperature tube. This 
drives out gases and 
moisture from core, and 
preheats the conductor 
for more uniform curing. 























Insulation never touches any- 
thing until high-pressure water 
cooling is complete. The result is 
unvarying roundness, smooth- 
ness and concentricity of butyl 
insulation. 











These samples from a single conductor, 500 MCM 
cable with 42/64 insulation produced by Roebling 
VCV method were Cut (left to right) at 10, 50, 500 
and 1000 ft. intervals. Note how all sections have 
identical diameter and concentricity. Impartial util- 
ities’ experts who examined these samples say 
they've never seen anything to compare with them 
for uniformity, roundness, concentricity, smooth- 
ness and density of insulation. 
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An IMPORTANT ADVANCE in DC Power... 
Standard 25, 50, 100, 200 and 300 KW—Heavy Duty 
GERMANIUM and SILICON RECTIFIERS 


yw PERKIN 


© 94%-96% Efficiency * Lower cost per KW « Negligible Maintenance 
¢ Simplicity of Installation « Lower weight « Less floor space occupied 


These units are ideally suited for such applications as: 

Municipal DC to AC conversion programs, DC motors and controls, 
magnetic devices, brakes, chucks, clutches, lifting magnets, 

mining and transportation service, electro-chemical, and other 
general industrial DC power applications; in place of mercury- 

arc, ignitron, mechanical rectifiers or M-G sets 


A flexible feature is the fact that two or more units 

may be connected in series / parallel and operated at one 
time for higher voltage and amperage. The high efficiency, 
low installation cost, excellent power factor, rugged 
construction, and conservative.design make these units 
ideal for your heavy-power applications. 
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25 KW SILICON RECTIFIER UNIT ; 50 KW GERMANIUM RECTIFIER UNIT 300 KW SILICON RECTIFIER UNIT 


DC Output: 125/250 volts @ 200/100 amperes DC Output: 115-125 volts @ 400 amps available DC Output: 125/250 volts @ 1200 amps 
AC input: 208, 230 or 460 volts, 3 phase ! also connected for 62.5 V @ 800 AC Input: 460 volts, 3 phase, 60 cps, (2400 or 

60 cps (per customer specification amperes 4160 V also available — please specify.) 
Voltage Regulation: 5% max.; no load to full load . AC Input: 208, 230 or 460 volts, 3 phase, 60 c . Voltage Regulation: 5%; no load to full load 
Ripple: 5% RMS max Voltage Regulation: 5%; no load to full load Ripple: 2% RMS 
Efficiency: 94% Ripple: 5% RMS Efficiency: 94% 
Duty Cycle: Continuous operation at full icad Efficiency: 94% Duty Cycle: Continuous 

with ambient temperature of 45°C Duty Cycle: Continuous ' 


100 and 200 KW units, similar in specifications , ae 
to those above, are also available . vf | : i | | : i =< ' N | 
When you require DC power, contact Perkin for a : 
wider range of standard models with prompt : 


delivery schedules. There are over 15,000 Perkin PERKIN ENGINEERING CORPORATION 
rectifiers in operation in industry today 345 KANSAS STREET, EL SEGUNDO CALIFORNIA « OREGON 87215 

Contact factory for further data and prices on ? 
f ry for f F . New York area office: Sales & Warehousing : 1060 Broad St., Newark 2, N_J., MArket 3-1454 


above units, or send your spec ifications for New Engiand area office: 46 Amesbury, Lawrence, Mass., MUrdock 3-3252 
prompt recommendations and quotations. Representatives in principal cities 


ELECTRICAL ENGINEERING Please mention ELECTRICAL ENGINEERING whe 








ENGINEERING PROGRESS = 1957 


Reviewed by AIEE Technical Committees 









ANY important achievements during the yea American Telephone and Telegraph Company and the 





1957 have been reported by 30 Committees in Radio Corporation of Cuba. The two transmitters at 


















the Institute’s six Technical Divisions each terminal, which employ 10-kw 6-cavity klystron 

In the communication field, the first commercial tubes, were designed by Federal Telecommunication 
“over-the-horizon” radio system was placed in service Laboratories (FTL). Each station has two 60-foot square 
between Florida and Cuba. In addition, there was a parabolic antennas which are used simultaneously for 
significant expansion in the use of electronic devices transmitting and receiving and provide space diversity 
and methods in toll dialing networks throughout the reception. 
world. Considerable progress also has been made in This O/H radio technique and FTL equipment 
both black-and-white and color video tape recording been utilized for the 240-mile San Juan, Puerto Rico, to 

Major developments in the field of general applica Ciudad Trujillo, Dominican Republic, link which was 
tions include numerous improvements in diesel-electric cut over for commercial service on November 1, 1957 
locomotives and the introduction of several new light- and for the 6-channel O/H telephone link ben 
eight iocomotives Among the achievements in the Sardinia, Italy, ind Minorca Spain whicl was ¢ 
production and application of light were transistorized, pleted in September 195 
packa ed sources of high-frequency power and the first \ transportable microwave radio set operating 
commercia pplication of electroluminescent lighting 9,000- to 11,000-mc superhigh-frequency band 









In industry. there |! is been a trend in the direction ol can handle eight vo Ss us v puis tl ‘ 
: . ' , , . 
i comprehensive controis, wherein the components latior has been deve can De usec g g 
are blended together into systems capal of performing breaks in wire lines during emergencies 
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In the held of powe notable achievements include and will increase the usetulness of large c¢ puters 
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puters il 






industry and utilities has continued to become more 







widespread. Considerable advancement has been made 
in semiconductor technology. In the nuclear powe1 






ld, the vear was marked by the completion of several 


fie 


important reactor projects 











Communication 













ATION SYSTEMS 





RADIO COMMUNIC 











O/H) 


radio system in the United States and the first in the 


THE FIRST commercial “over-the-horizon” 






world capable of handling a television program or ove! 






200 telephone channels was placed in service on Sep- 






tember 12, 1957, between Florida and Cuba by the 
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A The Perkin-Elmer ROTI 
(Recording Optical Tracking 
instrument), 500-inch focal 
length missile photograph- 
ing system, will provide the 
U. S. Air Force Missile Test 
Center, Melbourne Beach, 
Fia., with detailed informa- 












tion on missiles. 


“@ Naval Research Lab sci- 
entists used this 50-foot 
radio telescope to “bounce” 
a 3,000-mc radar signal off 
the moon on February 24, 
1957. Round trip of 500,- 
000 miles was covered by 
the 2 microsecond pulse in 
2% seconds. 






















® Westinghouse has de- 
veloped a technique for the 
ultrapure preparation of Ni- 
obium, rare chemical for 
future use in rockets, mis- 









siles, jet engines, and nu- 
clear reactors. “Cage zone 
melting” process refines 
metal at 4,400 F while con- 
fining it under a vacuum 
only four billionths the 














pressure of the atmosphere 





A Giant bank of capacitors being assembled ct the Gen- A Tenney Engineering, Union, N. J., hes supplied Hughes Aircroft 
eral Electric Research Leboratory to produce large amounts Co., Culver City, Calif., with an environmental test chamber hoving 
of energy in short ‘bursts’ for research program on fusion specially engineered doors that slide into the floor out of the way of 
Announcement wos mode that GE scientists at Schenectady, moving equipment, automatically from the control console. Installed in 
N. Y., have undertaken “co substontial research program” the Hughes research ond development laboratories, the environmental 
to seek sofe and inexpensive power from test chamber is in clmost continuous operction 
the fundomental process of the hydrogen testing vitol electronic equipment for circraft and 
bomb. Leading this work on fusion is Dr -, rader systems. The giant chamber meets rigorous 
Henry Hurwitz (right), shown here discuss- om f itis requirements in temperatures ranging from —75 C 
ing instrumentation with Dr. W. F. Westen- —_ to 225 C, altitudes from sec level to 120,000 feet 
dorp, who has designed much of the ex- : end co relative humidity ranging from 5 per cent 


perimental equipment required for this ; to 95 per cent. 
study 


® Design and construction of a medium- 
power traveling-wave tube capable of 
amplifying a 500-m<c bend at a center fre- 
quency of about 6,000 mc hos been an- 
nounced by Bell Telephone Laboratories 
This tube, the M1789, has a gain of 33 db 
at 5 wotts. Shown, left to right, ore C. R® 
Moster, H. L. McDowell, and J. P. Laico, 
whe participeted in its development 


“<@ The first successful opereo- 
tion of a completely new 
solid-state device which will 
oscillate ot microweve fre- 
quencies has been achieved at 
Bell Telephone Laborctories, 
Inc. One of its outstanding 
choracteristics is thot it is ex- 
pected to hove very low noise 
compored with conventional 
microwave devices 


® Reduced loss is noted in 
experimental transformer 
made with General Electric's 
new ‘“‘four-squore” magnetic 
sheet material, when com- 
pored with similar transform- 
er made from the best mag- 
netic sheet now in vuse—a 
singly oriented material. Even 
better results should be ob- 
tained using the ‘‘four- 
square” sheet in transformers 
designed to toke full advan- 
tage of doubly oriented mo- 
terial 








only four Dilliontns the 
pressure of the atmosphere. 


“<@ The Army Pack- 

age Power Reactor is 

a joint project of the 

Atomic Energy Com- 

mission and the De- 

partment of Defense. 

It is the first nuclear 

plant for providing 

power and hecot for 

military requirements 

in remote creas 

where conventional 

fuels are too costly. 

Design specifies that 

components must be 

transportable by air 

and capable of erec- A Steel bb's serve as the shielding in a 

tion at a remote field new “hot” cell at Westinghouse mote- 

site within a six- rials engineering department's radiation 

month period. and nucleonics laboratory. Cell has half- 
inch thick steel walls 15 inches apart 
Between walls are 35 tons of bb's— 
equal to 10-inch steel in ability to con- 
tain atomic radiations. Use of bb's mokes 
cell portable because shot can be drained 


<4 largest hermetically 
sealed centrifugal pump de- 
signed for liquid metal cir- 
culation in a nuclear power 
plant has been built by 
Allis-Chalmers for the 
Argonne National Laboro- 
tory. The 5,000-gpm, 106- 
foot head pump unit is 
driven by a 150-hp, 1,800- 
rpm TEFC motor specially 
adapted to maintain an 
inert gas atmosphere above 
the liquid metal by confin- 
ing the gas within the A Research reactor control console de- 
motor housing. signed and built by American Machine & 
Foundry Co. is for first enriched-fuel reactor 
in western Europe. The Technical University 
(Munich) console incorporates controls and 
shows values for rate of change of neutron 


<4 This 58-ton multimillion 
flux and power level. 


dollar nuclear core, or fuel 
charge is slowly lowered into 
position with its precious fuel 
consisting of 14 tons of natural 
vranium and 165 pounds of 
highly enriched uranium. Nu- 
clear reaction will take place 
within this core. Duquesne Light 
Co. will operate the Shipping- 
port atomic power station. 
Westinghouse under contract to 
the AEC designed and de- 
veloped the nuclear reactor. 


®& Radiation detectors have 
been developed that keep a 
continuous record of radiation 
hazards in the test area after 
a blast. Information is stored 
in well-protected underground 
recorders until area can be en- 
tered safely. One type of 
spotter is designed to pop up 
from the ground like a peri- 
scope a split second after de- 
tonation at various distances 
from the blast. Results of tests 
may provide radiation combat 
charts. 








terial 


A Dome-shaped reactor building for the PRDC Enrico 
Fermi Atomic Power Plant stands as a new landmark on 
the Lake Erie shoreline about 30 miles south of Detroit 
Mich. Picture also shows excavation in the left foreground 
for the plant services building. Pile driving for a sodium 
treatment and handling building has since begun in the 
area to right of the reactor building. 


A The cooling tower shown, one of the largest ever built, will be used to sup- 
ply. condenser cooling water for the prototype of the large U. S. Navy surface 
ship nuclear propulsion plant now under construction in Idaho. Designed and 
developed by the Westinghouse Electric Corporation for the U.S. Atomic Energy 
Commission, the nuclear power plant will be housed in an exact replica of a 
ship's hull. Several other buildings will house loborctories, shops, and storage 
creas 


<@ The first full-scale nuclear power plant in the U-.S., 
the PWR (pressurized weoter reactor) ct Shippingport, 
Pc., went into operation in 1957. Shown here is a close 
view of the turbine-generator set. The plant was de- 
signed by the Bettis Plant of the AEC operated by the 
Westinghouse Electric Corp. It will be operated by and 
supply power to the Duquesne Light Company 


University of Michigan Photographs 


A View of control room and bridge of the Ford Swimming Pool Re- 
The movable bridge supports reactor core, control and safety 
rod drive units, and nuclear sensing devices. (Right) Core and beam 
ports as seen from north end of the pool. The four cylinders in the 


actor. 


neor edge of the core cre ionization chambers which provide control 
and safety signals to the control room. Long rod in center front 
edge of core is a fission chamber to obtain information on reactor 
performance at low power levels. 





-H industrial d-c motors 
and generators depart from tradi- 
tional design in the use of a high- 
temperature silicone insulation sys- 
tem rated for operation at Class B 
temperatures, a controlled ventila- 
tion system in which cooling air is 
drawn from the drive end and ex- 
pelled at the commutator end, and a 
new housing construction for applica- 
tions requiring splashproof construc- 
tion. 


A AMF’s 48,000 rpm induction gener- 
ator is a 6-phase, 4-pole machine whose 
output is rectified to provide 28-volt d-« 
power. Rated at 3 kw for one application 
it is capable of generating over twice 
this amount of power. 


Court 


A Outstanding results from a new type synchronous condenser were reported from a southern 
stee! mill. The unit, was installed to reduce light flicker resulting from arc furnace operation. Rated 
30,000 kva (leading) at 1/2 psi hydrogen pressure, 25,000 kva flagging), 13,800 volts, 3 phase, 
60 cycle, the unit operates at 3,600 rpm. At 10 psi hydrogen, the machine capability is 40,000 
kva (leading). Both stator and rotor coils are cooled by hydrogen gas flowing at high velocity in 
direct contact with conductor copper. 


A ANEMA size 0 and 1 magnetic motor 
starter that is 42°% smaller than previous 
open forms has been developed by GE 
for machine tools, pumps, hoists, blowers, 
saws, compressors, mixers, and packaging 
machines. Starter is of “‘snap—slide’’ con- 
struction and can be mounted in any posi- 
tion. 


Courtesy Keliance Electric end Engineering Co. 


A This huge vertical dynamometer has 
been designed for nuclear aircraft re- 
search. The 200-hp, 1,150/2,300-rpm, 
A These 3,600-rpm turbines are of Allis-Chalmers side-crossunder design to drive supercharged motors operate through a speed increaser 
hydrogen-cooled generators, rotor supercharged for 100-mw and with supercharged rotor and stator gear unit to produce an output speed of 
for 150-mw and use 26-inch (left) and 23-inch (right) exhaust blades. 200-hp, 5,000/10,000 rpm, constant hp. 


Courtesy Allis-Chalmers Corporation 








A This new 138-kv, 10,000-mva high-voltage airblast circuit breaker built by the General Cumin Gane ah 
Electric Company's high voltage switchgear depart t at Philadelphia, Pa., d tailed i 
pony gh voltage switchgear department a iladelphia, Pa., and installed in A GE's 138-kv, 10,000-mva high- 


the Corona Substation of the Consolidated Edison Company of New York, N.Y., features high- 
speed operation and current transformers os an integral part of the breaker column. 


A These 115-kv, 1,000- 
mva gas-filled (SF.) break- 
ers have a continuous cur- 
rent rating of 400-amperes 
rms, will interrupt in 5 
cycles, and reclose in less 
then 15 cycles. 





rresy 1-T-E ¢ 


A Accessible trips, on both manual and electrical 
types, provide a new ease of adjustment. All 
three trips for this 600-ampere breaker are 
mounted on a single molding. Trip molding can 
be replaced in 1/5 the time required for three 
individual trips. 


voltage airblast circuit breaker features 
ease of maintenance and inspection 
with a combination interrupter and op- 
erating element which con readily be 
removed from the column 


A One normally specks of ratings being extended upward; but the tubular de-ion grid 
interrupter, originally designed for the 330-kv circuit breaker, is an exception—its ratings ore 
being extended downward. This same fundamental design has been adapted to 230, 138 
ond 69-kv Westinghouse breaker ratings. Inside this 230-kva watch case breaker is the new 
tubular grid interrupter which gives it an increased rating at 15,000 mva. 


A Three-part railroad car was designed by Westinghouse to carry a 412,000-pound auto- 
transformer, which serves as the center portion of the car. Two identical 30-foot long end- 
supporting sections permit center transformer section to be lowered to track level to accom- 
modate taller units. 
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A Scientists at the Naval Research Laboratory have used the moon 
as a radio relay station. Using this large antenna formed by scooping 
a 250-foot diameter hole in the earth, 200-mc radar contact with the 
moon was obtained. Finding the moon comparatively smooth to radio 


A long narrow clusters of tiny solar cells on 
either side of the Army's famous helmet radio 
provide all the power needed to operate the 
transmitter—receiver. Teamed with small nickel- 


cadmium storage batteries for peak power and 
nighttime operation, the silicon wafer solar 
cells can supply current for a year compared 
with dry cell life of hours. 


A Engineers lower metal-encased vacuum tube 
into U. S. Army's World Spanner, world's 
mightiest shortwave transmitter. Through single 
sideband design and a new beam antenna 
effective power reaches 24 million watts. 


station. 


waves, scientists believe that the moon might serve as a radio relay 
Continued experiments at the 
which included round-trip transmission of voice messages, now indicate 


same and higher frequencies, 


that many types of communication can be carried on via the moon 


A Here is an antenna test range installed at Boulder Laboratories of the National Bureau 
of Standards to record antenna patterns. A model antenna is placed on the ground in the 
center of the V frame. By using this model antenna to record signals from a transmitter at 
the vertex of the V frame while it and the model antenna are rotated, the full three-dimen- 
sional pattern of the antenna can be recorded. Model factors as high as 60 to 1 are used 


together with frequencies as high as 1,500 mc 


> A new  vehicle- 
mounted U. S. Army 
communications system 
gives commanders in 


nuclear-age combat in- § 


stant control over dis- 
persed tactical support 
elements. Called the 
Tactical Support Center 
(TSC), the system allows 
a field commander to 
weld his mobile support 
forces into a co-ordi- 
nated, power-packed 
team. The need for such 
centers grew out of the 
complex nature and 
rapid movement of mod- 
ern warfare. 


U. S. Army Photograph 








Courtesy Federal Tele Mm eRe ation oratories Courte Be Telep e Le ries 
A Two 60-foot parabolic antennas at Guanabo, Cuba, fo A An experimental device called ca data subset 
the southern terminus of the 185-mile Floride—Cube over-the- mokes possible the transmission of printed material 
horizon (O/H) microwave link. Dual polarized feed horns over telephone lines at o speed of about 1,000 wpm 
mounted in front of the reflectors permit each antenna to re- Information in the form of mognetized spots is stored 
ceive os well as transmit signals on magnetic tape by electronic cornputer, electric type- 


writer, etc., as shown. 


> New pushbutton dial radictelephone 
for automatic exchanges hes been devel- 
oped for the Rural Electrification Admin- 
istration. Control head shown is for use 
in home of rural subscriber. System avoids 
the uneconomical cost of installing and 
maintaining telephone lines in sporsely 
populated areas 


“<4 Motorola's compeact transistorized **Dis- 

patcher radiophone is easily mounted 

on the handlebar of 2-wheel motorcycles. 

Current drain on “standby” is only one 

ampere. Maintenance is minimized by a 

transistorized switch circyvit in the power 

. 4 . 4 : supply in place of the troublesome vibro- 

A “Dial-Direct"” mobile two-way radiotelephone : } tor and by the use of modular construc- 

system is the first to allow phone calls to and from é.2 ) tion. Foldout design of modular sections 

vehicles to be relayed, completely unattended yw 4 provides ““both-side’’ access to all stages. 
through loco! telephone companies. 


<@ Model c-4 ionosphere 

sounder of the Boulder Labora- 

tories of the NBS measures 

heights and movements of the 

layers as well as their radio 

reflecting properties in detail 

Four such units cre operating 

~~¢ et Antarctic stations for the 
=< 25; IGY. They scan the radio spec- 
die trum from 1 to 25 mc every 15 

. oe. = ; minutes with a 10 kw peok 


pulse 


& An advanced electronic toll- 
ticketing system for long-dis- 
tence subscriber dialing has 
been installed at Amherst, Vir- 
ginia, for Central Virginia Tele- 
phone Company. It records on 
paper or magnetic tape all in- 
formation necessary for billing 
ef subscriber-dialed long-dis- 
tance calls. When processed the 
tape produces co standard busi- 
ness machine punch card for 
eccounting purposes. 
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A One of the largest General Electric static control equipped panels to be built 
undergoes electrical testing prior to shipment for use with transfer machine in auto- 










Courtesy Ford Instrument Company motive plant. The advantages of increased reliability, long life, and easier mainte- 
A Automatic navigation computer for tanks and nance of static control is fast being recognized for equipment-control systems. The 
other vehicles to enable military vehicles to travel new development is a method of electrically controlling machine functions by the 
over deserts and in arctic wastes and find their way use of logic elements and accessories that are not subject to wear and erosion. Logic 
to destination. The computer gives not only present elements perform the same functions in static control that relays do in conventional 
position, but course and direction to destination. control 






“@ RCA's BIZMAC electronic data processing system has reduced months of 
paper work to minutes of push-button operation at the Tank-Automotive 
Command headquarters in Detroit. It keeps track of more than 100 million 
facts about the U. S. Army's vast inventory of tank and automotive spare 
parts throughout the world. The computer is one of some 220 units of 19 
different but fully integrated types of equipment in the $4.1 million system 
Watching the computer conscle of BIZMAC are RCA and U. S. Army officials 


























MinneapoliseHoneywell Regulator Company 






<@ Similar in looks 
to a huge cribbage 
board, this electronic 
unit, called a digital 
potentiometer, is the 










nerve center of an 
advanced data han- 
dling sytsem which 
translates industrial 
data into language 
both humans and 
electronic “brains” 
can understand. This 
unit can spot changes 
as minute as one 
part in 4,000, meas- 
vre such things as 











temperature, pres- x 
sure, flow, viscosity, A A high-speed digital computer called “Leprechaun,” not much 
and vibration. The larger than a home television set and requiring less power to oper- 






pinboard functions [¢- has been developed at Bell Telephone Laboratories. Leprechaun 
like e telephone uses only about 9,000 electrical components and more than half of 









switchboard to pre- these ore transistors. An outstanding feature of this computer is its 
alee’ anal anedeere flexibility; its components can be connected and disconnected easily. 
specific dato. It also contains a transistor-driven “‘random-access magnetic core 





memory.” 





“@ Time card shown being inserted 
in IBM 8200 Time Punch is punched 
by machine to indicate employee at- 
tendance dota, then is fed directly 
to IBM electric accounting machines 
for automatic payroll reports. Time 
Punch will save 10 hours a week in 
processing 1,200 attendance cards 


Rana 


®& A punched card transcriber, de- 
signed by the NBS to convert num- 
bers and instructions recorded on 
punched cards into a binary serial 
code, enables more rapid feeding of 
deta into an cautcmatic computer 
The system is about 150 times faster 


eeeen 
ennane 


than the present paper tape inscriber 
and can handle up to 600 cards per 
minute 


B Operator checks crithmetic unit of In- 
ternational Business Machine's (IBM) new 
610 Avto-Point computer, a powerfyl 
desk-side machine that can solve mony 
of the problems now being hondled by 
lerge-scale electronic computers. An ovt- 
standing feature of the machine is auto- 
matic positioning of the decimal point. 
Results of computation are printed cw? 
by on IBM electric typewriter, center. The 
610 can be employed to solve a wide 
variety of problems, ranging from actu- 
arial colculations to the computations en- 
countered in the design of co jet plane 


A A prerequisite in the development of facili- 


ties for the interconnection of computers is an 

accurate instrument for the measurement of 

“bit"’ length and timing. Western Union's dis- 

tortion measuring instrument indicates signal A RCA's Airborne Systems Laboratory has computers, a replica of a jet aircraft complete 
fidelity at speeds corresponding to 7,000 char- with operating controls, and other devices to enable engineers to forecast with electronic 
acters ao minute. precision the nature of airborne systems needed to meet specific aeronautical goals. - 





TRUMENTS 
h- 

“<@ The Memo-Scope 103 oscil- 
loscope, manufactured by the 
Advanced Electronics Manufac- 
turing Corporation, is illustrated 
in this rack-mounted environ- 
ment applied to accelerometer 
calibration prior to conducting 
shock measurements at Hughes 
Aircraft Company, Culver City, 
Calif Single or successive 
““drops’’ may be displayed on 





the viewing screen of the in- 
strument for any length of time 
that may be required for ef- 
fective examination 


A The model TA-120A power transient analyzer is a compact 
instrument that measures, displays, and records power plant 
output voltage, frequency, and load under both steady-state 
and transient conditions. Developed and produced by the 
American Machine & Foundry Co., the instrument records dota 
by meons of a direct-writing oscillograph 


<@ For measuring as little as one ten-thousandths of an inch of paint film, 
electroplating, or metal overlay, this new instrument, the Laminage, is being 
tested by General Motors research staff. Left to right are E. A. Hanysz, Dr. 
R. L. Saur, and C. E. Quinn of the physics and instrumentation department, 
with Mr. Quinn moving the instrument's probe on the bearing surface overlay 
The overlay thickness measurement is registered on the instrument's gauge in 
front of Dr. Saur. 





<4 A view of the Kaukauna Machine Corp. model 3040 floor-type horizontal 
boring, milling, and drilling machine with tape-input mechanism. Accessibility 
and simplicity of tape reader permits insertion of tape in 2 minutes. Tape unit 
and manuscript provide operator with zero offset and set-up instructions, auto- 
matic precision location of each machining operation, feed, speed, hole size, 
operation number, depth of hole, plus other pertinent information. In addi- 
tion, the machine automatically unclamps, moves to location, and reclamps 
without operator attention. (Above) The “radio pill," developed and tested 
jointly by the Rockefeller Institute, N. Y., Veterans Administration Hospital, 
and RCA, translates pressures inside the body's gastrointestinal tract into 
radio waves which are recorded automatically. FM signals from the pill are 
picked up by the antenna at the end of a long metal rod and recordings ap- 
pear on a cathode-ray oscillograph 





A Carbides in steel and fcreign matter in minerals can be onalyzed 
now with an electron probe microanalyzer developed at the U. S$ 
Naval Research Laboratory. Chemical constituents of an area as small! 
50 the diameter of a human hair can be broken down by fo- 
cusing ao beom of electrons to a small crossover. 


A An electronic unit for balancing automotive engines ot the 
end of the assembly line has been developed by the General! 
Motors research stoff. Known as a pulse synchronized unbalance 
indicator, it is now being used for detecting and correcting en- es 1 
gine unbalance to lower limits thon were possible before. 


Eo e 


A The R#X-48, a de- A Shutter speeds os fost as 0.1 microsecond ore being obtained by the A The Weston model 680! cir- 
model D20 Kerr Cell camera developed by Electro-Optical Instruments, Inc., culer chart potentiometer re- 
Pasadena, Calif. The unit uses a large-aperture hermetically sealed Kerr corder incorporctes a 12-inch 


Cell shutter which can be synchronized to within 2 millimicroseconds or chort with straight time co-ordi- 
nates for occurcte readability. 


velopment of Hogan 
laborctories, presents 
performance of up to 
450 circuits graphically. less. The unit operates from 115 volts o-c. 


Sf rites Pri { 


A EXICON X-ray viewer uses TV techniques as 
primary functions of performance. A fiying-spot CRT 
producing a bright spot is focused by lens system 
on the X-ray negative being examined. 


A Shown is one of three r-f voltmeter consoles developed by the NBS Radio Stand- 
ards Laboratory to calibrate all types of voltmeters. Twelve discrete frequencies to 
700 mc are used, and all practicable voltage levels of 0.2 volt and higher are 
available. Reproducibility is 1% or better over a period of 1 year or longer. 





TELEVISI 


A An ultraviolet color-transiating television microscope was developed re- 
the Rockefeller New York, N. Y., enable 
scientists to study more effectively the function, structure, and chemistry of 
living cells. Shown at the left is Fred L. Hatke, electronics engineer, and at 
the right, Dr. Viadimir K. Zworykin, Rockefeller Institute Affiliate and hon- 
orary vice-president of the 


cently at Institute, which will 


Radio Corporation of America. 


esy TV C 


A A new transparent television screen has been developed by 
Dr. Charles Feldman of the United States Noval Research Lab- 
oratory. The screen provides a simplified approach to daylight 
viewing and color television. Dr. Feldman is shown comparing 
picture tube tleff) and a tube containing a 
transparent screen (right) under bright lighting conditions 


a conventional 


“<@ Elimination of dark horizontal lines in a television picture could be a step toward 
larger-sized home screens. A Westinghouse technique employs a method of wobbling 
the electron beam vertically as it makes its traces across the picture tube. The slight 
up-and-down beam motion broadens the white lines corrying picture information and 
narrows the black lines between. 





A A new type of color cathode-ray tube has resulted from the de- 
velopment of thin transparent films of phosphors by the General 
Electric Company. This type of tube, called the “penetron,”’ has a 
face plate coated with two thin layers of phosphor, each capable 
of emitting a different color. Screen color is controlled by the voltage 
applied to the electron gun. (Left) D. L. Williams of GE's General 
Engineering Laboratory adjusts the camera of the world’s first 
closed-circuit 3-dimensional color television system. It will be em- 
ployed for remote viewing work by the company’s aircraft nuclear 
propulsion department at the Atomic Energy Commission's Idaho 
Falls, Idaho, test site. With the camera installed inside a radioactive 
area, cables will carry the picture to the viewing screen, located 
safely behind thick shielding walls. 





& View of audio beam power 
amplifier, capable of maximum 
reliability in high ambient 
temperatures, can deliver 4.5 
watts under class A conditions. 
Tube mokes use of stacked 
ceramic construction. 





A Sylvania’s entire 1958 TV line will be built cround the V A traveling-wave tube that may drastically reduce the weight 
110° magnetic deflection picture tube. Tube permits a 50% end substantially increase the operating reliability of microwave 
reduction in cabinet buyik. The 110° tube (right) is shorter and reley and radar equipment has been developed by RCA. The ex- 
lighter than commonly used 90° tube (left). The new, wider perimental tube eliminates the need for bulky electromagnetic focus- 
angle tube is being produced in 14-, 17-, and 21-inch sizes ing equipment used with mony types of traveling-wave tubes 
its picture quality and new sets’ power have drawn dealers in Photo shows the spiral bifilar windings that form the focusing 
fringe TV creas. mechanism, giving the tube a tote! weight of less than a pound 


> H. A. Gutzmer, engi- 
neer at Stromberg-Carl- 
son, compares the new 
5-inch diameter CHAR- 
ACTRON  shaped-beam 
tube with the older 7- 
inch diameter tube. The 
new tube is only 17/5 
inches long compored 
with the 40-inch length 
of the 7-inch diameter 
tube. The CHARACTRON 
functions as a rodor 
tube ond a tube dis- 
playing chorocters by 
means of time shoring 
—the chorocters cre 
printed on the phosphor 
screen at a rate of 20,- 
000 a second and re- 
tained by the phosphor 
while the device does its 
reader work in-between 
letters and numbers. 


U. S. Army Photograph 


A This amplitron tube with twice the power effi- A New Du Mont black-background picture screen retains image while stand- 
ciency of the magnetron tube will pack more power erd cathede-ray tube screen at left is blanked owt by high powered flood 
into the country’s radar defense networks. Frank light. Black-background screen has applications for airborne cockpit radar 
Oakes, Signal Corps engineer, checks tube that was and for military, industrial, and laboratory equipment which require use in 
developed by U. S. Army and Raytheon Mfg. Co. open and other areas with high surrounding light 





“@ Highly efficient one-piece refractor type outdoor sub- 
station unit, designed by the Holophane Company for a 
400-watt mercury or 500-watt incandescent lamp, has 
prismatic refractor of heat-resistant glass. The metal bot- 
tom reflector and are made of aluminum. 
(Right) A 200-watt vapor- and dust-tight unit has a pris- 
matic reflector-refractor which provides high output, low 
giare, and permanence. 


top cover 





A Jet-plane wing-tip lamp is made of quartz 
and is the size of a stick of chewing gum but 
is capable of resisting pressures, temperatvre, 
and shock of supersonic flying. Development 
was included in annual Progress Report of Ii- 
luminating Engineering Society. 

A An extra-flexible portable cable with Y-shaped ground conductor has been developed for 

use in connection with modern three-phase a-c mining equipment. A Y-ground of special copper 

braid construction is used to separate the three insulated-phase conductors to reduce the possi- 

bility of phase-to-phase faults in the event of cable damage. Sufficient conductivity is provided 

in the Y-ground to trip the machine's circuit breaker without interrupting the main power sup- 

ply. Photo shows mine loading machine, equipped with General Electric Y-ground portable 

mining machine cable (left) in use in West Virginia mine. 


A A new type of cable steadily gaining favor with U. S. telephone com- 


lite polyethylene is moisture resistant and an excellent dielectric 


panies employs lightweight durable polyethylene to do two different 
jobs performed previously by paper and lead. As both wire insulation 
and outer cable jacketing, Bakelite polyethylene plays a versatile double 
role in telephone exchange area cable produced by Whitney Blake Com- 
pany, New Haven, Conn. Polyethylene’s versatility is based on an un- 
usual combination of physical, chemical, and electrical properties. Bake- 


Polyethylene is extruded to form continuous insulation about one sixty- 
fourth of an inch thick around a single conductor. Pairs of these wires 
are twisted together and fed through a die that twists 50 pairs together 
to make a cable core (left). A polyethylene tape and then a shielding 
layer of aluminum is wrapped around the core before the outer jacket 
of black polyethylene is extruded in place (right). 





A Westinghouse semiconductor device is an infro 
red detector using the photoelectromagnetic (PEM) 
effect in a semiconductor material, indium antimo- 
nide. The cell, here compared with oa straight pin, 
requires none of the cooling that was necessary for 
previous photoconducting-type detectors and hes 
both a lower noise figure ond shorter response time 
inasmuch as infrared detectors “see” hot objects, 
this means this device can detect things thet are ot 
much cooler temperatures 


eywell Regulator Corp 


A The first power tetrode in the electronics industry 
was unveiled at WESCON last summer in Son Fran- 
cisco, Calif. Use of the power tetrode, which is de- 
signed for a 28-volt system with currents up to 10 
amperes, in a high-fidelity set would reduce the 
amount of circuitry necessary. The tetrode is also 
more easily stabilized than existing transistors where 
thermal runaway is a problem 


urtesy Hughes Aircreft 


A Hughes power silicon rectifier 


& View of 12-channel electronic distributor for 
synchronous time-division multiplex operation on 
high-speed transatlantic telegraph cables. Tran- 
sistorized equipment, installed at Penzance, England, 
Bay Roberts, Newfoundland, and Rockaway Beach, 
New York, transmits up to 600 words per minute 
over the two connecting cable sections, 2,077 and 
1,400 nevtical miles in length respectively 


TRANSISTORS 


. Courtesy Motorals | 
& Weather resistant, tronsistorized “Big Voice” speaker gives 2-way radios 15- 
watt power output when used with 12-volf system. Drivers can hear messages 
even when hundreds of feet away from vehicles. Preamplifier contro! box makes 
it easy to use specker os seporete public address system. Swivel mounting is op- 
tional accessory 


urtery @estern Union 

A An experimentai silicon power 
transistor, pable of providing 
an output of 5 watts at 10 mc 
either as an oscillator or an am- 
plifier, has been developed at 
Bell Telephone Laborstories un- 
der the sponsorship of the joint 
services. Unilateral gain is in ex- 
cess of 20 db, and a collector 
efficiency of better than 40% 
hes been achieved. The unit is 
a p-n-i-p diffused emitter and 
base transistor, in which a near- 
intrinsic or “neutral” layer of 
silicon seperates the collector 
from the other elements. J. T. 
Nelson {fop) and J. E. hwersen 
of the Bell Labs are shown check- 
ing the transistor which is 
mounted in the special jig in the 
foreground. 








vsuac!i combination of pnysicai, chemical, ang electrical properties. Sake- of Diack polyethylene is extruded in piace trighf). 


TRANSFORMERS 








A Switching surge test being conducted in high- 
voltage laboratory of Allis-Chalmers on a new 180- 
mva, 330- to 138-kv autotransformer. (Right) Re- 
ductions of 15 to 21 db in audio sound levels of 
medium and power transformers were achieved in 
1957 by GE through use of a new aphonic enclosure. 
or hood, fitted over main tank. 


<4 An acoustico-thermai 
laboratory for conduct- 
ing sound and thermal 
research on transform- 
ers up to 10,000 kva 
has been provided by 
General Electric at 
their Rome, Georgia, 
plant recently 





A GE's “Atomseal” method of oil preserva- 
tion for power transformers completely elimi- 
nates oil-to-air contact and permits operation 
at atmospheric pressure. System uses an im- 
permeable air cell that is vented to the at- 
mosphere and floats on the oil in an oil 
expansion tank. 


“<4 Most powerful and versatile pulse testing 
modulator for testing high-power radar pulse 
transformers was recently placed in operation by 
Westinghouse. Test facility simulates input and 
load conditions to determine if the transformer 
can meet response requirements. Modulator can 
simulate loads from 1 te 50 megawatts peck, 
with pulse voltages up to 38.7 kv. 








> RCA “teller-vision,” 
TV transmission of signa- 
tures and account infor- 
mation from centralized 
bookkeeping departments 
to remote drive-in win- 
dows, is speeding de- 
positor services at two 
Florida banks of the 
Sottile organization. Photc 
shows drive-in teller com- 
poring check signature 
with depositor’s record 
card on TV receiver at left 


A Automatic welding gun, designed 
by Allis-Chaimers, is being used to 
weld tubes to the tube sheet of a 
90,000-square-foot surface con- 
denser during erection of the unit 
at the F. M. Tait Station of the 
Dayton Power & Light Co. The weld- 
ing is performed with the heli-arc 
process. A tungsten electrode is 
vsed in an atmosphere of argon 
The welding gun makes possible 
repeated high quolity tube-to- 
sheet welds 


A An air calorimeter, designed and developed by Genera! Electric, supplies in one 
integroted equipment a ber of important testing functions. These include: an 
air supply that is accurately controlled in both quantity and tempercture; several 
manometers; a timer; a borometer; and a hygrometer 





> New York City's 
third tube of the 
Lincoln Tunnel hes a 
ventilation system 
powerful enough to 
change the cir com- 
pletely every minute 
and a half. A strate- 
gic combination of 
11 blower and 13 
exhaust fans built by 
Westinghouse main- 
A Hect-treating furnace higher than a 10-story building tain a constant flow 
is in operation at the Harvey Aluminum plant, Torrance, of air, injecting it 
Calif. Vertical furnace was designed and constructed by into the tube at 
Westinghouse to heat treat extruded aluminum alloy readbed level and 
shapes. Aluminum pieces up te 80 feet long are heat exhausting It through 
treated at temperatures up through 800 F openings cbove. 





The Marun Company 
A In Western Union's newest chain of microwave relay sta- A The test unit seen provides an accurate means of inspecting wired plug as- 
tions, the passive reflector technique is used. These chains semblies. Unit will check for continuity short circuits and ground faults between 
now handle 960 telegraph circuits in each direction the conductors and the shell of the conductor under test. The tool will also make 
a 500-volt high potential test to detect any faults not apparent with the normal 

low voltage test 


© Unique 4-wheel- 
drive truck can meet 
any emergency on the 
5-mile long Mackinac 
Bridge. Truck has fire- 
fighting equipment, 
double boom derrick, 


© This Phillips 
1,000-channel ana- 


lyzer, used as time- 
of-flight analyzer in 
measurements of neu- 
tron cross sections, 
sorts pulses accord- 
ing to their delay 
after a master timing 
pulse and stores them 
in 1,024 different 
channels 


Courtesy Phillips Petroleum Co 
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and hydraulic aerial 
platform that rises 30 
feet to replace bridge 
lights. Two-way radio 
keeps vehicle in touch 
with bridge patrol cars 
and administration cen- 
ter. Vehicle includes 
100-ampere alternator. 


Sam SE 


A Lacrosse, the U. S. Army's surface-to-surface guided missile, is directed in flight by a highly accurate guidance 


i 


highly mobile artillery missile is designed as a fleld support weapon and |s already In large-scale production. Guidance system was developed 
by Federal Telecommunication Laberatories, Nutley, N. J. 





A Minicturized circuits developed by the General Electric light military electronic 
A View of NRL's new 84-foot radio telescope located equipment department cre helping to reduce the size of electronic equipments and 
neor Riverside in southern Maryland. Designed by systems for the military. An engineer in this photo is checking the characteristics of 
D. S$. Kennedy Company, if consists of an 84-foot @ small experimental circuit which may eventually find its way into a new piece of 
dish-shaped antenna mounted at the top of a large military equipment. 


steel supporting tower. The antenna, which is mostly 
aluminum, hes a precise porabolic surface, permitting 
the study of radiations ct 10-centimeter wavelengths 


® Research in semiconductor materials 
has resulted in Peltier thermocouple mate- 
rials capable of maintaining temperature 
differences of about 68 C. Shown in the 
hand of T. S. Shilliday, of Battelle's Solid- 
State Devices Division, is a miniature Pel- 
tier refrigerator. Thermocouple elements 
used were discs of p and nm type bismuth 
telluride 


V New technique for determining fer- 
romognetic core losses at high flux densi- 
sities has been developed at the NBS. It 
is the result of analyzing the o-< bridge 
circuits commonly used for loss meosure- 
ments and applying a correction term for 
the effect of the harmonic components of 
the exciting current. 


Courtesy National Bureas of Standards 


Courtesy Battelle Memorial Institute 


V Levitation meiting—heating metols 
thousands of degrees above white 
heat so that they floct freely sus- 
pended in space—is used to prepore 
highly purified laboratory-scale ingots 
of niebiym, zirconium, ftitenium, mo- 
lybdenum, and many other alloys 
Since the molten metal flocts freely in 
space, no containing vessel is re- 
quired; thus, traces of impurities thot 
metals pick up in conventional meth- 
ods are eliminated. The entire process 
is carried ovt inside a sealed vesse! 
containing an inert gas such as argon 
to protect the pure meta! from con- 
tamination by air 


Courtesy Westinghouse Cor; 





In order to obtain additronal radiotelegraph channels 
in the overcrowded high-frequency spectrum, syn- 
chronized multiplex equipment has been developed 
which provides eight telegraph channels by means of 
time division “twinplex” frequency shift keying. 

Radio frequencies also are being conserved by the 
operation of single-sideband systems which provide up 
to 12 telegraph channels on a single-radio-frequency 
carrier. This method is being employed by both Ameri- 
can Cable and Radio Corp. and RCA Communications 
on their international radiotelegraph circuits. 

An improved synchronous single sideband (SSSB) 
system has been developed by Motorola, Inc., which 
makes possible the utilization of this spectrum-saving 
technique to mobile radio and other communication 
services operating up to the uhf region. A reduced car- 
rier is transmitted in addition to one sideband and an 
automatic phase control system at the receiver locks an 
oscillator to the reduced carrier signal for carrier rein- 
sertion. Several advantages are claimed for this SSSB 
system which will make it a serious contender with FM 
for use in the mobile radio services and with AM for 
use in air and sea communications. 


COMMUNICATION SWITCHING SYSTEMS 


ALTHOUGH there were no outstanding engineering 
developments in the field of communication switching 
systems during 1957, there was a steady introduction of 
electronic methods and devices into the ever-expanding 
fully automatic local and toll dialing networks through- 
out the world. In addition, an increasing use of elec- 
tronics is being made in telegraph switching systems, 
particularly in countries outside the Western Hemi- 
sphere 

\t the present time, because of relatively simpler 
transmission and calling problems, the field of telegraph 
switching is receiving greater attention insofar as the 
introduction of fully or semielectronic n§eans are con- 
cerned. Several new telegraph or data swigching systems 
utilizing magnetic drum or core storage have been pro- 
posed or installed in several countries. 

During 1957, the Bell Telephone Laboratories dis- 
closed the details of a new electronic concentrator for 
reducing the number of trunks required to serve a large 
group of subscribers’ lines. This unit, which can be in- 
stalled in a building or on poles in a small but fast 
growing community or other residentia] area, acts to 
subscribers’ calls to a small number of 
trunks to the central office. Calls from the central office 
to the subscribers served by such a unit are likewise 
concentrated at the central office end and then expanded 
it the unit at the subscribers’ end. 


concentrate 


COMMUNICATION THEORY’ 


DURING THE PAST YEAR, further broadening of inter- 
est in communication theory has been evident. For ex- 
ample, an entire symposium was devoted to the appli- 
cation of communication theory to antenna design and 
optics. Fundamental work on the learning and thinking 


process is increasing both in America and abroad 


Engineering Progress—1957 


It is encouraging news that several prominent mathe 
maticians have reported research on communication 
theory. As evidence of increased interest throughout the 
world, authors from at least five foreign nations—Eng- 
land, France, The Netherlands, Japan, and the Soviet 
Union—have published papers on communication 
theory in American journals. A new journal, Informa 
tion and Control, which will publish papers on the 
theories of communication, computers, and automatic 
control, began publication this year. 

Advances in coding theory have been reported. An 
upper bound has been obtained on the probability of 
error for the optimal code in the memoryless finite dis 
crete channel, and an equation has been developed for 
the capacity of a finite statute channel when the state 
can be calculated on both transmitting and receiving 
ends. A sequential coding scheme which differs from 
block coding has been devised for reliable communica 
tions. There was considerable activity in the general 
area of extracting signals from noisy backgrounds, in 
cluding the estimation in the presence of noise of the 
impulse response of a random linear filter, the out 
put signal-to-noise ratio of correlation detectors, and a 
systematic approach to a class of problems in the theory 
of noise and other phenomena. There has been a study 
of the relationship of sequential filter theory to infor 
mation theory and its application to the detection of 
signals in noise. In addition, results of research on the 
optimum detection of signals in multipath or scattered 
communication were reported. Further progress has 
been made in understanding and devising binary cod 
ing systems, and a paper has been published on the in 
formation theory of decision feedback. Significant new 
studies have been reported on the rate at which a hu 
man can perceive and use information. 

Among the systems designed which involve exten 
sive use of communication theory are the orpIR radar 
system developed at Columbia University and the Col 
lins Kineplex data transmission system. 


TELEVISION AND AURAL BROADCASTING SYSTEMS 


Dozens of 10-watt uhf translator stations went on the 
air during 1957, bringing television service from distant 
Stations to many communities where television signals 
had not previously reached. More than 100 translator 
applications have been granted by the Federal Com 
munications Commission (FCC) and more applications 
are pending, indicating the success and acceptance of 
these inexpensive units for extending television service. 
These supplement the more than 500 regular television 
broadcast stations now operating in the United States, 
and few populated areas remain without at least one 
television service. 

The Television Allocations Study Organization 
(TASO), which began regular operation at the begin 
ning of 1957, was very active in studying the technica] 
status and problems of uhf and vhf television for the 
FCC. About 175 engineers, representing 88 organiza 
tions, are participating in the six panels and associated 
committees of TASO. It is expected that the studies and 
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hnal report of I ASO will be completed during the lat 
ter half of 1958. 

Video tape recording, using 2-inch magnetic tape 
moving 15 inches per second, was used with good result 
by the networks at their western studios for delayed 
black-and-white television programming. Refinements 
in the equipment were made by the manufacturer, and 
regular production appeared near. Color video tape re 
cording was demonstrated late in the year by another 
manufacturer, using equipment and standards that are 
compatible with present black-and-white video tape 
techniques 

A wired pay television system was installed in Bartles- 
ville, Okla., and the FCC announced procedures for 
filing applications early in 1958 for experimentation in 
pay television broadcasting. Three principal systems 
for scrambling and unscrambling television pictures are 
being urged by their proponents, and several other sys- 
tems have recently been suggested. 

Wide acceptance was given to the newly developed 
\10-degree deflection picture tubes, permitting televi 
sion cabinets to be much reduced in depth. 


General Applications 
LAND TRANSPORTATION 


[HE New HAVEN RalILroap has three newly designed 
lightweight diesel trains which can, with engines shut 
down, continue into Grand Central Terminal, New 
York City, on 600-volt d-c third-rail power. The Fair- 
banks-Morse locomotives coupled to American Car & 
Foundry Talgo cars and the Baldwin-Lima-Hamilton 
locomotives coupled to Pullman Standard’s Train X 
cars have electric and mechanical propulsion, respec- 
tively. On both trains, locomotive alternators furnish 
the cars’ heat, light, and air-conditioning. The Budd 
Company train has two diesel engines for mechanical 
propulsion on each car. The engine cooling system fur- 
nishes car heat while light and air-conditioning depends 
on engine-driven 64-volt d-c generators. All three types 
of equipment, through various adaptations of d-< mo 





A portion of the video tape recording and playback Installation at the 
Columbic Broadcasting System's Television City. Hollywood, Colif 
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General Electric 8,500-hp ges turbine—electric locomotive for 
the Union Pacific Railroad. Lead unit contains cab and 
euxiliary equipment; gas turbine in trailing unit and tender 
helds 24,000 gallons of fuel. 


vors, will utilize third-rail power through the unde 
ground approach to Grand Central Terminal 

The New Haven Railroad is receiving delivery on 61 
Electro-Motive locomotives. These are new streamlined 
diesel-electric locomotives equipped to run on 600-vol: 
d-c third rail into Grand Central Terminal or Pennsvy) 
vania Station, New York City. They have 1,750-hy 
diesel engines and, because of added weight of third 
rail equipment, have four- and six-wheel trucks 

The success of the 4,500-hp turbine-electric locom: 
tives has caused Union Pacific Railroad to 
similar 8,500-hp version from General Electric 
Believed to be the most powerful internally 
ered locomotive, these units are designed for high-speed 
freight over the western mountains. The 30 now or 
order are made up of a lead unit containing cab and 
auxiliary equipment, gas turbine in the trailing unit 
and 24,000-gallon fuel tender, in all 179 feet long wit! 
816,000 pounds on drivers. 

Two 125-ton 2,400-volt d< electric 
livered for the haulage of copper ore have a 46 
better power-to-weight ratio than those in service since 
1913. 

After careful analysis, General Electric designed 
world-wide diesel-electric locomotive, basically standard 
but having flexible features to fit many applications ir 
the 900- to 1,800-hp range. Although designed this yea: 
substantial foreign orders are already on the books 

New commuter multiple-unit cars have been ordere: 
from Budd Company by the Pennsylvania Railroad 
These are equipped with transformers and rectifiers to 
change 11-kv 25-cycle power from an overhead system t 
650-volt d-c for traction motors through right-angle hy 
poid gear drive to the axles. 

Boston Metropolitan Transit has received 50 light- 
weight rapid transit cars from Pullman Standard. Th: 
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four GE 100-hp 300-volt d-c traction motors used on 
these cars are 43%, lighter than a former comparable 
design. The external accelerator resistors are also used 
for motor load in dynamic braking. 


PRODUCTION AND APPLICATION OF LIGHI 


MANY ADVANCEMENTs have been made during 1957 in 
light sources, lighting equipment, and application 
techniques. For example, activity in electroluminescent 
panels has been greatly intensified during 1957; in one 
year’s time it has progressed from a basic research stage 
to pilot production and initial order stage. The first 
commercial application now planned will be in the 
slide-rule dial on the station selector of a new Westing 
house radio set. 

New fluorescent lamps (type SHO by Westinghouse 
VHO by Sylvania, and PG by General Electric) produce 
21, times as much light as the previous standard rapid 
start lamp. The development was made possible by use 
of a mixture of rare gases that permit extremely high 
energy loading of the electrodes, arc stream, and the 
phosphor. The proper vapor pressure necessary to high 
operating efficiency, and which would normally be ex 
ceeded as the wattage of the lamp is increased, is ob- 
tained by the use of cooling chambers located in each 
lamp. 

Previously used primarily for street and industria! 
lighting, where light efficiency is more important than 
color, mercury-vapor lighting is now equipped for use 
in stores, offices, schools, auditoriums, or practically any 
other type of commercial application. By applying a 
combination of additive and subtractive color correc- 
tion, the excessive yellow-green color has been subdued 
in favor of the more flattering warm colors. The new 
Deluxe white lamps, as they are presently designated, 
ire available in ratings ranging from 400 to 1,000 watts. 
One outstanding installation of these new lamps is in 

he offices of the Georgia Power Company at Atlanta, 
Ga 
Since the advent of fluorescent street lighting in this 


Courtesy General Electric Company 


Programming and readout system for Allegheny ludium Stee! 
Corporation plant at Brackenridge, Pa 
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country several fluorescent street luminaires 
have been mounted perpendicular to the curbline. Such 
an arrangement did not direct light adequately onto 
the roadway area. The coefficient of utilization, which 
is a measure of the percentage of light emitted by the 
lamp was approximately one third that of the highly 
developed optical system used with the incandescent 


and mercury lamps. A new fluorescent type HUS-72 
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luminaire announced by Westinghouse improves the 
coefficient of utilization from a fluorescent unit, making 
it comparable to the incandescent and mercury lumin 
aires. This is accomplished by mounting the lamps 
parallel to the curb, and employing a prismatic plastic 
refractor to provide additional light control. The new 
luminaire will produce a maximum of 
20,000 lumens 
Development of 


approxiinate 


the first wuransistorized packaged 
sources of high-frequency power has been reported by 
engineers at Westinghouse Electric Corporation, Light 
ing Division. As it is incorporated in standard equip 
ment in coming months, it is expected to eliminate 
technical and economic obstacles now inhibiting broad 
application of high-frequency lighting. Prototypes al 
ready functioning in a lighting system for Westinghouse 
offices supply power at 1,500 cycles to 64 standard 44) 
watt rapid-start fluorescent lamps. These new powe! 
packages are only a fraction of the weight and size of 
conventional frequency converters now in use. Of major 
importance is the high reliability afforded by semicor 

ductor devices, as well as the fact that frequency-con 
verter units can be installed very near to the lighting 
load without long high-frequency runs. Among the ad 
vantages are their suitability for small- or large-scale in 
stallation wherever desired, either a new 
structure; their high reliability and negligible mainte 
nance requirements; their silent and vibrationless op 
eration; and their ability to operate at more than 90 

efficiency over their entire load range 
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FEEDBACK CONTROL SYSTEMS 


EmPHASIs in feedback control systems activities this 
year has been in the direction of more comprehensiv: 
controls in which the instrumentation, computing data 
logging, and control components are blended togethe1 
into systems capable of performing increasing amounts 
of human skill and judgment, as well as the more fami! 
iar power control functions. In addition, advances in 
missile and aircraft guidance have been made as a re 
sult of improved gyro and inertial guidance compo 
nents as well as feedback control systems. 


Steel Mill Data Logger. A digital programming and 
data logging system for a four-stand tandem cold stee| 
strip mill has recently been delivered to the Alleghen\ 
Ludlum Steel Company. It is believed that this is the 
first equipment of its kind to be applied to a large 
rolling mill. 
This mill is also being equipped with automat 
gauge control. The programming functions involve pre 
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Westinghouse Electric Corporation 


Assembly incorporating two “magic cube’ automatic positioners wil! 


anneal the nose and body of 150 eight-inch shells per hour 


setuung the » X-ray gauges and gauge cuntrols trom a 


punched card associated with each coil. The punched 


card also includes coil identification data which 1s 


typed with the readout data for each coil. The readout 


les date and time from a digital] clock operator 
-d by switches, data on length 
de of thickness tolerance, and 
length and weight of coil. If the mill is 
delay 


The 


as a produc tion 


shut down for any reason, the 


are recorded and printed out 


directly 


is used 


a punched tape ts produced, from 
hed cards are made and used to prepare 


Automatically 


industry becomes more automated, it 


many similar and more complex 


nstalled 


Control Machine Tools 


Working 


ith Aircraft Industries Association, machine 
manufacturers have worked out integrated 
that have 
year in a number of air 


The results 


mol control 


systems of machine tool controls been in 


urrent 


lled during the 


manufacturing from these 


been most favorable, with greatly 


piane piants 


installations have 
decreased machining time realized and uniformly high 


quality parts produced 


Inertial Guidance. Details of inerual guidance systems 
which provide a jamproof form of navigation for air 
planes, missiles, and ships were disclosed by the Massa 
chusetts Institute of Technology during the past year 
Developed in the main by Dr. C. S. Draper and Dr. Wal- 
ier Wrigley, these systems combine precision gyroscopes 
and a Schuler-tuned pendulum, as well as computing 
ind control devices, into an integrated means for pilot 
ing any suitable craft to any spot on earth or in space 
More advanced inertial guidance systems are being 
developed which are still under military security re 


strictions 


Computers in Control. Increasing activity has taken 


place during the past year in the combining of eom 
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puters and control systems. A special technical conte! 
AIEE Feedback ¢ 
Committee, was devoted to this subject 

discussions stressed the fact that the area of optimizing 


controls, in which the process being controlled is onl 


ence sponsored by ontro]l Systems 


[he papers and 


partially understood, presents a challenge to the cor 
trol systems designer. For those systems where the prox 
ess is well understood, such as in the machine tool and 


nertial guidance examples noted previously 


eration of computers and contro as) «(Chee 


successful 


FLECTRIC HFATING 


ALTHOUGH there were few outstanding 
in electric heating during the past year, u a 
substantial spread of use in almost every division of 
the field. New uses were found for the various kinds 
f resistance and radiant heaters. Large vacuum melt 


ing furnaces of both the arc and induction type 


i 


- 
put into commercial operation for melting high-ten 


perature and specialty alloys. Low-frequency inductior 
heating was expanded for heating still larger 
hot forming and extrusion, and other low-frequency 


Diliets tor 


furnaces drew attention for melting operations 


iectri 


Most groups were busy combining « 


automatic or semiautomatic handling de 


1 
mecn 


industry's insatiable demand for 


urtesy Cutler-Hammer, In 


This automatic charging control system has been instolied on a new 
blast furnace. The control was designed to meet high production rates 
and to provide greater flexibility in the charging program than was 


heretofore ovailable 


4 rather 
duced by Westinghouse in one of its all-60-cycle 


ingemious positioning device was 


tion heating assemblies designed for heating 8-inch 
shells for a combined lip and body annealing operation 
\ feature of the assembly is what Westinghouse calls 
its “magic cube”—a device which receives a shell body 
from a horizontal in-feed conveyor, rotates it to a ve! 
tical position for the heating operation, then returns 
it to a horizontal out-feed conveyor at right angles to 
the in-feed line. By simple rotation of 120 degrees for 
each station, the magic cube loads, up-ends, and unloads 
shells at the rate of 75 per hour in completely auto 
matic sequence. Since each assembly contains two sta 
tions, the output is 150 of these 8-inch shells per hour 
per machine 
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Courtesy Westinghouse Electric Corporstion 


High-capacity sealed ignitron rectifier, metal-enclosed design 


INDUSTRIAL CONTROL 


LHE ELECTRICAL CONTROL 
neeting the problems of automation. These problems 
are being solved by the ever-present contactor and 
relay, with the aid of electronic controls, magnetic 
implifiers, and static switching systems. 

New automatic-programming blast furnace charging 
controls have been developed, providing greater flexi- 
bility in control of charging mix with a wider range 
of base materials. 

Ignitrons have been used in a new approach to a 
constant-current adjustable-speed motor drive, and to 
control equipment for raissile thermal-barrier tests. 

Magnetic amplifiers and static switching systems have 
been applied to automotive press control, as well as to 
synchronized conveyor lines. Saturable reactors are 
being used to control atomic pile control-rod motors. 

In addition to the production of new controllers and 
control systems, there has been considerable activity in 
components parts improvement. D-c contactors have 
been developed in unit construction providing front 
connection. This type of device is particularly adapt- 


INDUSTRY is constantly 


able to crane control 
INDUSTRIAL POWER RECTIFIERS 


APPROXIMATELY 200,000 kw of high-capacity sealed 
ignitrons have been manufactured during 1957 for 
electrochemical applications at 850-volts d-c. All of 
these were of the metal enclosed design. 

[t is of interest to note that there is an increasing 
trend toward the use of ignitron rectifiers for main 
lrive applications in the steel mill industry. This is 
videnced by the fact that approximately 80,000 kw 
4 main drive ignitron equipments were placed on 
order during the current year. Factors such as reli- 
ibility, high inherent speed of response, low mainte 
nance cost, low installed cost of equipment, and high 


efficiency are believed to be responsible for this trend 
MINING AND METAL INDUSTRY 


the 


mechanization to 


Metal Industry. As stee] industry accelerates its 


evolution from automation, there ts 
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an increasing trend to larger machinery, higher pro 
cessing speeds, and greater production capabilities 
Keeping pace with this trend, the electrical industry is 
constantly developing the new and improved electrical 
techniques, systems, and equipment required. 

Greater process flexibility is provided by card program 
control. Using standard punched cards compatible with 
accounting, data logging, and processing systems, an 
uperator can maintain a large number of optimum 
schedules for a wide variety of products. Several such 
equipments were installed for the first time in the steel 
industry during 1957. For example, on the first such 
system installed at the Allegheny Ludlum Steel Corpo 
ration, Brackenridge, Pa., a 15-pass schedule and prod 
uct data is programmed on one card. The operator se 
lects the desired card, inserts it in “card reader,” and 
pushes the “next pass’” button to start each pass. The 
card control system automatically sets the screw posi 
tion and mill speed for the pass. 

Westinghouse programmed digital automatic control 
(PRODAC) permits the full automatic control of primar) 
reversing mills in the rolling of steel and aluminum 
This equipment, making extensive use of transistor 
circuitry, permits the operator to press a push button 
and initiate complete automatic rolling of a slab or 
bloom. Information input to the control is accomp 
lished by use of punched cards on which data relating 
mill speed, horizontal and edger rolls separations, etc.. 
for each pass are represented in digital form. 

Lukens Steel Company’s new 140-inch reversing plate 
mill now being built for the Coatesville, Pa., plant wil! 
be the first large reversing mill in the Western Hemi 
sphere to have a rectifier power supply. Ignitron pump 
less rectifiers will supply direct current for the mill's 
10,000-hp twin-motor main drive and a 3,000-hp edger 
motor. “Back-to-back” operation of the rectifiers will 
give reversing and pump-back functions to the motor 

The Westinghouse CYPAK or static elements used for 
switching purposes are being used now for the auto 
mation of blast-furnace charging and skip-hoist opera 


tion. These units are replacing conventional relays 


Overhead view of 
entrance end of re- 
versing rougher, Al- 
legheny Ludium Steel! 
Corporation 


Courtesy General Electric Company 
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Advanced precision 
transistorized rate- 
meter for radiation 
measurement and 
monitoring. 


Courtesy Unieersal Atomics Corp 


switches, and telephone type relays to perform the 
programming and charging of the furnace. The over- 
ill control will charge the furnace according to a 
preselected program and will automatically sense and 
control the many sequences of operations of the charg- 
ing devices associated: with the blast furnace. Because 
of the static nature of this equipment, the maintenance 
requirements will be materially reduced and more 
reliable operation than previously obtained will be 
realized. 


Mining. Because of greater dependability, reduced 
maintenance, and more economical operation available 
from a-c equipment, the eastern United States coal 
mining industry is expressing a great interest in chang- 
ing from d-c to a-c face equipment. To meet this trend, 
two types of a-c shuttle cars have been offered to the 
industry. One design uses a single motor to power the 
various functions through clutches and transmissions 
and the other design uses from three to five separate 
motors. Actual field experience has proved that alter- 
nating current is practical for powering shuttle cars 
and offers the usual advantage of reduced maintenance. 

Several manufacturers have received United States 
Bureau of Mines approval for use in coal mines of 
full-face lighting units based on fluorescent tubes and 
fixtures which were designed to provide the required 
safety features dictated by the proximity of explosive 
mixtures of methane and air. 


Instrumentation 
AIRCRAFT AND FLIGHT TEST INSTRUMENTATION 


ONE OF THE PRIME CONSIDERATIONS in determining 
flight test instrumentation design criteria is that of 
over-all equipment component size, the idea in mind 
being to achieve maximum space utilization without 
sacrificing equipment operational reliability. Recent 
developments in the field of transistorized airborne data 
acquisition systems and miniaturized instrumentation 
converter systems have reduced greatly the amount of 
space required for such equipment in aircraft and mis- 
siles in relation to the over-all space which may be re- 
quired for the guidance and propulsion systems, fuel 
supply, armament, etc 
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some of the features provided for in a transistorized 


airborne data acquisition system designed by the Ele: 


tronic Engineering Corporation of California include: 
magnetic tape recording of all flight data; silicon tran- 
sistor circuitry, with the exception of a vhf radio tim- 
ing receiver; system operation over a temperature 
range of —55 C to 100 C; capability of handling data 
by standard FM subcarrier oscillator techniques; capa 
bility of handling data by direct recording; recording 
of timing signals along with data to provide correla 
tion; compatibility of all recording with a central data 
processing system; incorporation of a tape speed com- 
pensation; in-flight calibration of all subcarrier oscilla- 
tors; and operation of all equipment from standard 
400-cps aircraft power. 

A very important portion of the program had to do 
with design of a strain gauge oscillator and a voltage- 
controlled oscillator for the FM package. Both of these 
oscillators are plug-in type assemblies contained in 
housing 314 inches by 11% inches by 17% inches. 

All of the aforementioned equipment has been manu 
factured and has operated in the laboratory under con 
ditions of varying voltages and temperatures, and op- 
eration under vibration. Progress to date indicates that 
the system is completely feasible. 

In designing miniaturized instrumentation converte! 
systems, development of the printed circuit has mad¢ 
possible a new approach to the problem of adapting 
transducer output signals to fit recorder input require 
ments. This has resulted in the development of a cor 
verter box having a volume of less than 100 cubx 
inches. Such a box has provisions for plugging in sever 
printed-circuit cards which carry the necessary compo 
nents and circuitry required to amplify, attenuate, 
rectify, or shift signals as may be necessary. The base of 
the box is itself a printed circuit bus bar providing 
operating voltages for the plug-in cards. 

This type box will replace conventional bridge bal 
ance boxes and telemeter adapter boxes. The combi 
nation of subminiature components and printed cir 
cuitry affords a substantial reduction in space require 
ments and consequently reduces installation problems 
The plug-in feature permits rapid changing of con 
verter cards when test programs are changed, and new 
cards can be designed and built as new instrumentatior 
needs arise. 


General Electric watt- 
hour meter employs 
single driving ele- 
ment to reduce net- 
work metering costs 
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NUCLEONIC AND RADIATION INSTRUMENTS 


»IGNIFICLANT DEVELOPMENTS in instrumentation 
ciated with nuclear work has progressed in both reactor 
instrumentation and in monitoring. 

Reactor control-rod drive mechanisms using canned 
electric motor drives, commercial gear motors with 
rotary seals, and linear seal drives have been used; but 
a somewhat different approach with a magnetic jack 
type electromagnetic drive utilizing a step motion was 
revealed recently by Argonne National Laboratory. It 
is claimed to be reliable, fail safe, rugged, long-lived, 
dirtproof, maintenance-free, sealless, and inexpensive. 

Instrumentation has met the performance require- 
ments not only of boiling and pressurized water and 
sodium-cooled reactors, but also of organic moderated 
and gas-cooled reactors, as well as other types under 
developmefit. Educational institutions are emphasizing 
courses of instruction on reactor control, in many cases 
with actual reactors or electrical simulators for train- 
ing purposes. 

In addition, 1957 saw a trend simplifying nuclear 
control equipment by combining the reactor controls 
with plant controls. This simplification sometimes in- 
volved mimic, graphic, or panoramic layouts of the 
reactor and plant instrumentation. The use of tele- 
vision monitoring equipment and simplified presenta- 
tion of indications has increased. Another important 
trend has been an increasing effort in some instances 
to provide highly specialized components to meet ex- 
acting requirements of reactor environment. An exam- 
ple is a thermocouple with time constants of less than 
2 mijliseconds available now on a routine basis. 

Instrument transistorization has progressed. Typical 
in this field are a survey meter of extreme sensitivity 
meeting U.S. Navy requirements, a completely portable 
ratemeter, and a multichannel scaler analyzer. In the 
case of the latter, it was claimed that a l-ton instrument 
was reduced to a weight of 100 pounds through the use 
of transistors and printed circuitry, etc. 

Miscellaneous items include a thousand channel ana- 
lyzer which has just been placed in use with the Mate- 
rials Testing Reactor’s fast neutron chopper as a time- 
of-flight analyzer, a panoramic camera for corrosion 
inspection of plate-type fuel elements, and a nuclear 
light source felt to be the brightest long-lived source 
yet developed. Other developments include a nuclear 
battery, relatively independent of temperature changes, 
for providing continuous low-voltage power. 


assu 


RECORDING AND CONTROLLING INSTRUMENTS 


[HE TREND OF ADVANCES this year has been in the di- 
rection of systems and the application of equipment 
to their control. Instruments and techniques, often well- 
developed individually, have been combined and of- 
fered for over-all control and optimizing of industrial 
processes from steel and glass making, to petroleum 
and chemical products manufacture. Some specific de- 
velopments have been: 
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Large-Scale Data Loggers. Equipment is offered by 
several companies for sampling large numbers of proc 
ess variables, in some cases providing on-line computa 
tions for linearization and scale factor, and presenting 
these variables as a typed output sometimes with aux- 
iliary tape output. 

Magnetic Data Recording. Long used in aircraft and 
computer fields, magnetic recording is now being uti! 
ized in commercial processes and research for auto 
matic data correlation. 

Direct Recording Oscillographs. Several versions hav« 
been offered of galvanometer-type oscillographs giving 
an immediate record without wet or vapor chemistry 
Special light sources and papers constitute one ap 
proach, xerographic methods another. 

New Inking Systems. Novel inking systems have been 
developed for several recorders involving new viscous 
inks and flexible plastic ink reservoirs. 

Digital Process Controller. A number of digital air 
craft-type computers have been adapted for process 
control. At least one is offered as particularly designed 
for the purpose. This type of equipment permits opti 
mizing and self-adaptive control modes. 

Optimizing Controller. One special controller has 
been offered which controls to a slope rather than set 
point, thus permitting the solution of some optimizing 
problems. 

Small-Case Electric Recorders. Practically every in 
dustrial instrument company and some new ones il 
the field are offering small-case recorders in the trend 
toward smaller control rooms and consoles 


TELEMETERING 


THE REMARKABLE INCREASE in the interest shown by 
manufacturers, users, and the general public in tele 
metering during 1957 is attributable to three principal! 
causes, Viz.: 


1. The development of military operational require 
ments for telemetering systems, as opposed to the previ 
ous belief that operational telemetering was una 
ceptable. 

2. The controversy over long-range missiles, and the 
launching of two earth satellites, as a part of the IG\ 
program, itself dependent on many forms of telemeter- 
ing applications. 

3. The increasing exploitation of methods of auto- 
mation in industrial processes, and the realization that 
the vast amounts of data required can be obtained in a 
reasonable time only by using telemetering. 


During 1957, improved applications of digital type 
code were achieved for power control and telemetering 
by utility companies. One such equipment provides 
direct logging of data on typewritten sheets, readout 
of the last data received before a power failure, and a 
fail-safe system combination for telemetering and con- 
trol as applied to industrial problems. 

A modulation was devised which transmits intelli 
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gence as a series of high-frequency bursts. Data is con 
tained within these complex signals by three character- 
istics. These are (1) the time duration of a burst, (2) 
the time interval between two bursts, and (3) the fre- 
quency of the bursts. This modulation system is to be 
used in Project Vanguard. 

Much work has been done in designing radio tele- 
metering packaging with a very high space utilization 
ratio. In the U.S. satellites, this technique has been 
employed in conjunction with the use of very low pow- 
ered transmitters, of the order of 1 to 5 milliwatts, and 
the reception of their weak signals at great distances 
by the Minitrack receiving antenna arrays and special 
radio receivers. 

Telemetering pickups have been built to operate at 
500 F, while exhibiting useful accuracy and sensitivity 
to acceleration at a frequency of 20,000 cps. The use 
of vibrating wires as pickup devices has been improved 
and stabilized. New types of gyroscopic pickups have 
been made which still further reduce the effects of 
friction and precession occurring in earlier types. 

Increased use of semiconductor devices, magnetic 
cores, and similar alternatives for vacuum tubes, has 
been noted in telemetering equipments and installa- 
tions. These elements have been accompanied by micro- 
miniature components and improved potting tech- 
niques. 

Phase-locked loops have been used in an FM telemet- 
ering radio receiver as discriminators or tracking filters. 
This technique has resulted in an appreciable increase 
in the limiting point or threshold, and in a substantial 
reduction in the over-all system error. 

Studies in the theory and practice of FM multiplex 
reception have confirmed that the amount of data that 
can be transmitted accurately by a given telemetering 
system is strictly limited. The content capability of a 
system is not affected by the form of the data, which 
may be of the amplitude, frequency, or phase type, each 
type singly or in combination with one or both of the 
others. In this connection, adjacent channel] interfer- 
ence is of equal importance with the bandwidth. 

New types of data plotters and display units have 
been developed. One type of plotter can accept either 
analog or digital input signals, select any one or more 
of 13 different symbols, and plot at a rate of 70 (aver- 
age) displays per minute with very great accuracy over 
an area of 1,600 square inches 


Power 
RELAYS 


IMPORTANT DEVELOPMENTS announced during 1957 
were concerned primarily with distance relaying. A 
new approach to the problem of distance relaying of 
transmission lines for interphase faults was announced. 
This new approach is on a polyphase basis rather than 
a single-phase basis, and uses two well-known and estab- 
lished principles. The first of these is concerned with 
the action of line-drop compensators in reproducing, in 
miniature, a voltage corresponding to the voltage 
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This high-voltege 
breaker, for combat 
vessel applications, 


was developed by 


en interrupting rat- 
ing of 55,000 am- 
peres at rated volt- 
oge 








drop existing on the wansmission line to the so-called 
balance point for faults at that point or beyond. The 
second principle is concerned with the fact that a poly 
phase motor will develop torque in one direction wit! 
a given order of phase rotation and will develop’ t 
in the other direction with the reversed order of phase 
rotation. Utilizing these two well-known principles, 
distance relaying scheme was devised making use of 
static networks wherein the number of active electro 
mechanical units for a 3-phase line terminal of relay 
ing was significantly reduced. 

A new directional-comparison carrier-relaying termi 
nal now offers separate carrier and relay back-up cir 
cuits. It also provides back-up protection for both th« 
relays and the breaker. Such a step is deemed necessary 
since the customary backup at the next station is be 
coming inadequate on the modern power system, and 
will probably become increasingly inadequate in the 
near future. A new relay composed of an offset mh 
carrier-starting unit and an improved mho carrier-stop- 
ping unit has been designed to form the basis for 
new carrier-relaying terminal. 

A new 2-step directional—distance overcurrent relay 
has been designed specifically for the protection of sub 
transmission lines. This relay introduces the new con 
cept of having a nondirectional time—overcurrent unit 
control a directional—distance mho unit. This provides 
a class of protection intermediate between directional- 
overcurrent relaying and stepped-time distance relaying 
for applications where directional relaying is inade 
quate and stepped-time distance relaying is not eco 
nomically justifiable. This form of relaying is actually 
superior to stepped-time distance relaying for co-ordi- 
nation with fuses and inverse time—overcurrent relays 


rout 


POWER GENERATION 


PROGRESS continues to be made in station economies 
from the standpoint of larger steam generating units 
Sizes of units now being planned extend to 500 mw and 
several units in the 300- and 400-mw class are in various 
stages of construction. 

Increased attention is being given to steam pressure 








The 15,000-kva mobile substation is one of the first having a series— 
multiple arrangement for a high voltage of 138 kv. The unit, designed 
to be moved completely filled with oil, weighs 92,500 pounds 


in the supercritical range, and throttle pressures up to 
5,000 psi are being planned. An outstanding develop- 
ment during the year was the placing in service of the 
first supercritical pressure double reheat generating 
unit, which is installed at the Philo Station of the Ohio 
Power Company on the American Gas and Electric 
Company System. Steam conditions for this 125,000-kw 
unit are 4,500 psig, 1,150 F/1,050 F/1,000 F. The suc- 
cessful operation of this first unit, using new concepts 
in boiler and turbine designs, will provide the neces- 
sary experience for design of the much larger super- 
critical pressure units now on order. 

The use of larger-size units and higher steam pres- 
sures has made the use of turbine-driven boiler feed 
pumps more attractive. During the year, the first modern 
generating units using turbine-driven boiler feed pumps 
went into service. An alternate method adopted by a 
few utility companies drives the boiler feed pump di- 
rectly from the main turbine-generator shaft. Most 
utilities, however, have continued to use motor drives 
on all auxiliaries, and the present availability of higher 
rated switchgear for the auxiliary power systems has 
made it economically feasible to continue this practice 
in many cases. 

Nuclear power plant costs are being subjected to 
searching analysis because of higher costs than were 
shown on original estimates. At this time, it appears, 
from these higher costs, that the time when this source 
of energy will become competitive with conventional 
fuels will be delayed substantially longer than was 
believed to be the case earlier. 


INSULATED CONDUCTORS 


THE 3-YEAR RESEARCH PROJECT being carried on at 
Princeton University on the thermal resistivity of soils 
is nearing completion. Several technical papers cover- 
ing various phases of the work are now in preparation 
and will be published in the near future. 

Not only has a better understanding of the phenom- 
ena of the thermal conductivity in various types of 
soils been obtained through this project, but equip- 
ment for making accurate and rapid measurement of 
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significant soil properties has been developed. Espe 
cially noteworthy are the reliable nuclear instruments 
for the determination of soil density and moisture 
content in situ that are now commercially available. 

This study will be of value in connection with a 
publication giving ampacity (current-carrying capacity 
of insulated cables under various conditions of instal- 
lation and operation. These ampacity tables are now 
in preparation as a joint undertaking between the AIEF 
Insulated Conductors Committee and the Insulated 
Power Cable Engineers Association (IPCEA). When 
complete, they will constitute a revision and extension 
of a similar publication prepared by the IPCEA in 
1943. 

Cable sheaths and coverings have received consider 
able attention. In late 1956, a University of Illinois bul 
letin, “Creep, Fracture, and Bending of Lead and Lead 
Alloy Cable Sheathing,” was published. This was the 
final report on a 27-year investigation of lead and lead 
alloy cable sheathing. 

Increased use of coverings over lead and publication 
in January 1957 by the Association of Edison Illumi- 
nating Companies (AEIC) of “Specifications for Neo- 
prene Protective Coverings for Impregnated-Paper-In 
sulated, Lead-Covered Cable” has resulted in the accu- 
mulation of considerable data on this type of covering 

Sheaths of materials other than lead are receiving 
increasing attention; and reports on the manufacture 
and use of aluminum and steel sheaths, both plain and 
corrugated (for increased flexibility), are appearing in 
technical literature. 

The extensive research project for the field testing of 
extra high-voltage cable, jointly sponsored by the AEIC¢ 
and the Edison Electric Institute (EEI), has resulted 
in several aggressive research efforts and in the develop 
ment of high-capability cable systems for operation at 
345 kv by co-operating cable and accessory manufac- 
turers comprising Anaconda Wire and Cable Company, 
General Cable Corporation, The Okonite Company, 
Phelps Dodge Copper Products Corporation, G & W 
Electric Specialty Company, and Ohio Brass Company. 
Initial progress reports on this project have been made, 
according to which field testing is scheduled to begin in 
1959 on the basis of anticipated response to the solicita 
tion for the required financial support by individual 
electric utilities. 

The “Underground Systems Reference Book,” spon- 
sored by the EEI, which is a revision of the publication 
of the same name by the National Electric Light Asso- 
ciation in 1931, was published in August 1957. This 
book, edited by over 100 specialists in all phases of the 
industry, assembles under one cover the latest and most 
authentic information on underground electric trans 
mission and distribution systems. 


SWITCHGEAR 
A NUMBER of important oilless circuit breaker devel 
opments were made in 1957. 


Several new ratings of metal-clad switchgear with 
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alr-magnetic type power circuit breakers have been an 
nounced. The 13.8-kvy equipment has been extended 
from its former maximum breaker interrupting rating 
of 750 mva to 1,000 mva with 1,200- and 3,000-ampere 
continuous current ratings. Also, the 4.16-kv equipment 
now includes a 350-mva 3,000-ampere breaker rating. 
Manufacturers have announced that this breaker will 
close and latch against 80,000 amperes. This new de- 
velopment should help prevent power plant bottle- 
necks. It has been increasingly difficult to handle some 
of the auxiliary power systems for new big generators 
with the previous maximum rating of 250 mva. 

Interest continues to grow in outdoor air-blast cir- 
cuit breakers for high-voltage service. Several types of 
138-kv 10-million-kva air-blast circuit breakers were 
introduced during the year. 

New uses of sulfur hexafluoride for arc suppression 
are now developing. Trial installations of SF, low-ca- 
pacity 46-kv and 115-kv circuit breakers have been 
made. Important capacitor switching experience with 
both SF, and vacuum switch devices has been recorded. 

Despite this interest in oilless circuit breakers, the 
principal production for outdoor types continues in the 
oil circuit breaker designs. A large number of 230-kv 
oil circuit breakers of the new 15-million-kva rating 
have been ordered. Use of the 345-kv oil circuit break- 
ers has been extended. New $45-kv designs include both 
25-million-kva interrupting capacity rating and 1,300-kv 
impulse insulation level. 

The year 1957 witnessed the development and pro- 
duction of automatic circuit reclosers with increased 
current-carrying capacity and interrupting ability. Re- 
closers with load current ratings up to 560 amperes and 
symmetrical rms current interrupting ratings up to !2,- 
000 amperes at 4.8 kv, 10,000 amperes at 8.32 kv, and 
8,000 amperes at 14.4 kv are available at present 


SUBSTATIONS 


DuRING THE PAST YEAR, important applications were 
made of the recently developed stored-energy operating 
mechanism for air-magnetic type power circuit break- 
ers used in metal-clad switchgear. In a large urban 
. substation of some forty 12-kv 750-mva metal-clad 
switchgear units on a public utility system, these mech- 
anisms permit the simultaneous closure of all of the 
feeder circuit breakers for complete energization of 
the a-c network under emergency conditions after an 
outage with minimum control power requirements. 
The ampere capacity of the operating battery is less 
than 5% of that which would have been required with 
conventional solenoid-operated circuit-breaker mechan- 
isms for this particular application. 


TRANSMISSION AND DISTRIBUTION 


UNEXPECTEDLY HIGH lightning flashover rates on tow- 
ers of new extrahigh-voltage (EHV) transmission lines 
have been the subject of intensive studies during 1957. 
Results indicate that the magnitude of the surge im- 
pedance of the tower itself must be considered in cal- 
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The nuclear reactor in building at right is part of the Sodium Reactor 
Experiment (SRE) being conducted by Atomics International, a Division 
of North American Aviation, Inc., for the U. $. Atomic Energy Commis- 
sion. Electricity is generated by an experimental power station installed 
adjecent to the reactor by the Southern California Edison Company. The 
project is loccted in the Sante Susanc Mountains, near Los Angeles 
Calif 


culating Other observations 
coupled with the inability to account for the high out- 
age rate of EHV lines and lines employing extrahig! 
towers by accepted methods, suggest a need to expand 
the methods. This would include consideration of 


lightning performance. 


steeper lightning stroke wave fronts, shorter waves, 
surge impedance and inductance of the tower, and re. 
vising the method for representing the stroke. 

Several experimental installations of a new device, 


the Cougnard deionizer, for lightning protection of 
transmission lines have furnished interesting results 
during the short time they have been in service in the 
United States. Further investigation is merited. 

The problems of transmission and distribution lines 
in areas of high industrial contamination are receiving 
attention in the form of recent developments in the use 
of silicone and other compounds for treating insulators 
Aluminum coating of the steel core wire of ACSR 
(aluminum cable, steel reinforced) indicates improved 
resistance of this type of conductor to atmospheric cor- 
rosion. Corrosion of steel tower footings and anchor 
rods has also attracted considerable interest. 

The advent of the completely air-conditioned inte- 
grated “shopping center” under one ownership versus 
the old individually owned main street business front- 
age of a few years ago has raised new problems in power 
distribution. Continuity requirements of these loads, 
ranging up to 12,000 kw, justify the use of multiple- 
circuit supply to spot networks which, in most cases, 
utilize completely underground equipment. 

There are interesting developments also in the use 
of: glass fiber poles; prestressed-concrete poles; spar- 
arm construction of EHV wood pole structures; d-c 
transmission; digital computers for evaluating trans- 
mission line losses; aerial versus underground primary 
and secondary distribution; business machine cards for 
trouble records as well as other records. 
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PRANSFORMERS 


DukinG 1957, the use of both digital and analog wom 
puters was extended in the design of transformers and 
reactors. This was done on the actual design and also 
on investigation of various special items such as impulse 
voltages, stray losses, etc. The use of these computers 
makes it possible to produce better more consistent de- 
signs in shorter time. 

The study of sound levels in transformers progressed 
with manufacturers completing or planning additional 
anechoic laboratories. One of these manufacturers 
(GE) has developed a preassembled sound enclosure 
which can be assembled and shipped with the trans- 
former. 

A new type of potential transformer using the solid- 
insulation principle was developed by Westinghouse, 
for application on circuits of 92 kv and above. Weight 
reductions up to 40% were obtained and the require- 
ments of the American Standards Association 0.3 accu- 
racy class on burdens up to 500 volt-amperes at 85% 
power factor were met. 

A development in the large transformer field was the 
introduction of a new oil-preservation system (General 


Electric Atmoseal) which eliminates air-to-oil contact 
and permits operation at atmospheric pressure. The 
new system eliminates the possibility of gas bubble 
evolution in the oil with possibl dielectric breakdown 
when bubbles collect in regions of high stress. The sys- 


tem uses an impermeable air cell that is vented to the 


atmosphere and floats on the oil in an oil expansion 


tank. Variations in oil volume are accommodated by 
contraction and expansion of the air cell 

The use of lower levels of insulation on the higher- 
voltage transformers on effectively grounded systems 
showed considerable gain. Units with 345 kv at 1,050 
kv BIL, 230 kv at 750 kv BIL, and 138 kv at 450 kv BII 
were being built and put in service. 

The two most powerful generator transformers to 
date, 360,000 kva, built by Westinghouse, were put in 
service. One was on the Detroit Edison system. This 
transformer will boost the output of the utility’s new 
325,000-kw turbine-generator from 17,100 to 129,000 
volts. Installed weight is 458,000 pounds. The second 
unit, rated at 138 kv, was installed on the Common 
wealth Edison system. 

ROTATING MACHINERY 


IMPROVED INSULATION, larger sizes, and improvements 
in rotor forgings were developments of the past year in 
large steam turbine-generators. 

General Electric’s new stator coil insulation for 
such generators represents the major forward step in 
providing increased generator reliability and service life 
Called “Micapal,” this new insulation employs mica 
mat intimately bonded with a new duplex thermoset- 
ting resin. The resulting combination provides a high- 
voltage insulation with superior mechanical and elec 
trical properties. The first commercial generator em- 
ploying this insulation is located at the Florida Power 
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Corporation’ s Higgins Staton 


[This 
years old. Further development and extensive use of 
this insulation took place in the past year. 

In 1957, Westinghouse shipped the largest capacity 
single-shaft generators ever built. They are rated 320 


machine is four 


000 kva, 3,600 rpm, 24 kv, 45 psig hydrogen pressure. 
Two duplicate generators will follow early in 1958 
Orders for still larger single-shaft machines have been 
received with ratings of 352,000 kva and 384,000 kva 
These machines are of inner-cooled construction, which 
will also be used on the largest 4-pole generator which 
has been on order for some time. It is rated 330,000 kva 

New knowledge and basic improvements, which ar« 
of great significance in assuring the safety of rotor 
forgings, have been reported by GE. The cause 
of a rotor burst in California has been found in an 
array of extremely thin, glass-like inclusions, covering 
a much larger area than had been indicated by ig 
factory ultrasonic tests. Better evaluation of such i 
clusions is now obtained by repeating the rales 
tests after rotors are run at least to full speed. Bursting 
tests of large disks cut from actual rotors show conclu 
sively that forging toughness is correlated with the 
brittle-to-ductile transition temperature determined by 
impact tests. Tougher forgings with lower transition 
temperatures are being obtained by modification of 
alloy content and heat treatment, without sacrifice of 
other properties, either mechanical or magnetic 


Science and Electronics 


COMPUTING DEVICES 


THE YEAR 1957 saw increased use of analog equip 
ment in many new fields. Two of these areas of appli 
cation are simulation of nuclear reactors and jet-engine 
simulation. Engineers of GE have described a large 
analog computer designed and built to assist in design 
and test of these engines. 

The major trend in analog computing equipment 
during the year has been toward increased input—out 
put automation. All of the major manufacturing 
of general-purpose computers have added input—out 
put facilities to their equipment which accept and 
produce numerical data. In most cases, this equipment 
can automatically program the computer and automat 
ically reword solutions. Another equipment develop 
ment which reached the hardware stage during the 
year is an analog—digital conversion system, which was 
installed at a major computing facility on the West 
Coast. This equipment ties together a large analog and 
a large digital computer for combined operation. 

During the year, major airlines have placed orders 
for special-purpose analog computers for use as flight 
trainers. These simulators will assist the airlines in 
preparing for delivery of jet transports. 

In the field of digital computing devices, the most 
important developments during 1957 were in connec 
tion with information storage elements. Business ap 
plications require large memories which must be in 


ELECTRICAL ENGINEERING 


The 
advantages of systems operating with random access to 
any record in storage are being recognized to a greater 
extent than in previous years. Large random access 
files, delivered this year to users, Were the 20 million 
digit Datafile (Electro Data Division of Burroughs Cor 
poration) and the 40 million digit ram (Potter Corpo 
ration). Still being tested, both in the laboratory and 
field, are the 5 million or 6 million digit RAMAC (Interna 
tional Business Machines Corporation), a 214 million 
digit (Laboratory for Electronics), and th 
Larc drum (Remington Rand). Announced recently 
were 


expensive enough to permit economic jusufication 


drum 
developments in cryogenic (low-temperature 
superconductor) storage elements which offer future 
promise of small inexpensive memories of very large 
capacities with very high rates of record retrieval 

The publication of a considerable number of papers 
on specific instruction routines of interest to electrical! 
engineers is an indication of the expanding use of 
digital computers in the fields of electrical industry 
and utilities. These specific programs include power 
system stability problems, calculation of short-circuit 
currents in large networks, power-flow studies in large 
networks, computation of driving point and transfer 
impedances, and induction machinery design 

The realization that reduction of programming time 
is a necessary step in the more widespread and eco- 
nomic use of digital computers for the solution of “one 
of a kind” engineering problems is indicated by the 
continuing the field of automatic 
this connection, three distinct ap 
proaches must be noted: (1) The “co-operative” ap- 


intensive work in 


programming. In 


proach, in which the users of one particular computer 
type get together to standardize their program writing 
and agree to exchange their individual programs, such 


is DUO (Datatron Users Organization), SHARE for 
704 users, and USE for Univac users; (2) The more 
ambitious effort of .manufacturers (and some users) 
to develop compilers, assemblers, and generators to 
reduce directly the programming time required for 
their particular machines; and (8) The most ambitious 
effort, namely, to develop and use a single “Universal” 
code for any internally programmed general-purpose 
machine 


SOLID-STATE DEVICES 


the cate- 
materials and devices. 
Silicon carbide semiconductors have been made from 
the pure elemenis in the laboratories of the Westing- 
house materials engineering department. Hexagonal- 
shaped crystals 4 inch across can be grown with less 
than one part per million of impurities. These are pre- 
pared in a specially designed furnace operating at 2,400 C 
using an atmosphere of superpure argon or helium. 
Rectifying junctions have been grown in these crystals 
which will withstand voltages up to 200 volts and carry 
10 amperes. The cell operates with a 200 C rise above an 
ambient of 500 C. This is two to three times higher than 


been made in 
gories of solid-state electronic 


SIGNIFICANT PROGRESS has 
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Courtesy Westinghouse Electric 


View of the nuclear-powered submarine, USS Skate, shown at its launch- 
ing ceremonies in May 1957. On October 27, after completing success- 
ful dockside tests, this submarine put to sea, for builders’ trials, with 
complete success. Two sister ships, the USS Swordfish and USS Sergo 
were also launched in 1957, the former in August and the latter in 
October 


any temperature at which semiconductor rectifiers have 
previously operated. 

A new device for switching service has been developed 
by a number of laboratories. The Bell Telephone Lab 
oratories version is the p-n-p-n diode. RCA Labora 
tories and Westinghouse materials engineering depart- 
ment have a similar device with a modified contact at 
one electrode. The devices have two terminals and a 
layer internal structure. Voltage applied in the reversé 
direction results in a smal] leakage current up to the 
breakdown voltage. At this point, the device switches 
in less than 0.1 microsecond to a highly conductive state 
Westinghouse has made an a-c switch for | kva operated 
from CYPAK inputs—a truly static power switching cir 
cuit. 

The group III-V compound semiconductors are re 
ceiving increasing attention. RCA Laboratories su 
ceeded in constructing a high current gain transistor of 
gallium arsenide employing a gallium phosphide “wide 
band gap emitter.” Westinghouse materials engineer 
ing department has produced an indium antimonide 
infrared detector which employs the photoelectromag- 
netic effect. The cell is comparable with photoconduct 
ing devices with the added feature that it requires no 
cooling. In addition, the cell has a lower noise figure 
and shorter response time. 

Silicon is the material that has received more atten 
tion than any other semiconductor. GE has pro 
duced transistor-grade material by a silicon tetraiodide 
process. Texas Instruments, Inc., is offering transistor 
grade material for general sale. The Westinghousc 
semiconductor department, with the Siemens-Schuckert 
A.G., has produced single crystals with impurities be- 
low one part in six billion—probably the purest ever 
grown. 
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Cast epoxy resins 
ere finding increas- 
ing use where the 
number of parts re- 
quired is low, so 
that the cost of pro- 
ducing a mold 
would be  prohibi- 
tive. Shown are a 
number of large 
metal-clad switch- 
gear support hous- 
ings for a magnetic 
air circuit breaker. 


Courtesy Westinghouse Electric Corporation 


Many new germanium and silicon transistor types ap 
peared as additions to manufacturer’s product lines 
Notable among these are the Texas Instruments high- 
frequency tetrode transistors, the GE 85-watt silicon 
power transistor, as well as the Delco |I-kw power 
switching transistor. Developments in transistor equip- 
ment show that no existing electronic system has escaped 


a feasibility study for transistorization. Many equip 


ments are being produced in volume for general sale 
SEMICONDUCTOR-METALLIC RECTIFIERS 


AMONG THE 1957 DEVELOPMENTs in the field of semi- 
conductors was the introduction of larger single crystal 
rectifier cells in both germanium and silicon types. 

At least one manufacturer is producing germanium 
cells in sizes up to 1 inch diameter and several manu- 
facturers are producing silicon cells of 4 inch diam- 
eter. Such cells are capable of carrying currents up to 
several hundred amperes 

From West Germany comes the news that silicon can 
now ‘be produced with resistivities in excess of 1,000 
ohms per cubic centimeter, a fact which points toward 
the development of cells having much higher peak in- 
verse voltage ratings in the not-too-distant future. 

Research on rectifying materials capable of operation 
in ambients up to 500 C is receiving increased attention 
because of military needs. Investigations are being made 
with various intermetallic compounds. Single-crystal 
silicon carbide cells have been made experimentally and 
operated in ambients in excess of 500 C. However, there 
is still much to be learned in the techniques of growing 
single-crystal silicon carbide. 

Rectifier equipments utilizing both germanium and 
silicon type rectifier cells are being manufactured in in- 
creasingly larger capacities. One recent installation was 
rated 140,000 amperes at 250 volts, 35,000 kw 


ELECTRONICS 


] HE PAST YEAR saw tremendous expansion in the ap- 
plication and acceptance of the transistor, of which 
about 36 million units were manufactured. Research 
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and development efforts resulted in improved fabrica 
tion techniques for silicon, in successful operation of 
higher frequencies, powers, and temperatures, and in 
new devices. Several improved fabrication methods were 
developed, including the use of photolithographic tech- 
niques which allow the transistor to become an integral 
part of a printed circuit. 

Better understanding of the solid state has enabled 
development to begin on light amplifiers, cooling de- 
vices utilizing the Peltier effect, and high-frequency 
low-noise amplifiers based on magnetic spin resonance 
effects. 

Some 5,000 digital computers, representing 100 com 
mercially available types, were in use. Significant prog- 
ress was made in high-speed output devices for these 
computers. Much rewarding effort was expended on 
logic and memory units including multiple flux path 
core units, cores with printed windings, and supercon 
ductive units. 

In the field of communications, tropospheric scatter 
systems continued to gain wide acceptance and single 
sideband systems increased in usage. A definite effort 
was made to apply the principles of information theory 
to the development of new systems. 

The extensive efforts of the past few years to improve 
the reliability of electronic systems led to their increased 
acceptance in industrial control systems. The missile and 
satellite programs, among others, produced increased 
emphasis on telemetering and automatic data reduc- 
tion systems making wide use of magnetic tape record- 
ing. 

The field of medical electronics continued to expand, 
resulting in radically different and improved diagnostic 
and surgical techniques. A revolution in music may re 
sult from a perfected laboratory assembly of oscillators 
and magnetic tape units attached to a special keyboard 
and capable of producing, singly or in combination, the 
sounds of all known or imagined musical instruments 


MAGNETIC AMPLIFIERS 


THE ACCELERATED USE in combination of magnetic 
amplifier and transistor elements in 1957 has led to new 
capabilities, circuits, and functions. During the past year, 
the outstanding progress in magnetic amplifier—tran- 
sistor combinations was evident from the improvement 
and application of circuits built around the transistor- 
saturating core inverter. The inverter, using a saturat- 
ing magnetic core to switch transistors so that a square- 
wave alternating voltage is obtained from a direct volt- 
age, became available as a d-c to 3-phase a-c converter. 
At present, these static converters are replacing mechani- 
cal vibrators where long life and improved reliability 
are important. As higher-powered transistors become 
available, there is also a trend toward the replacement 
of rotating alternators. In addition, the alternating out- 
put of the transistor-saturating core inverter is used as a 
higher-frequency supply (1 to 50 kc) for magnetic ampli- 
fiers and as a d-c to d-c transformer, wherein the alter- 
nating output is transformed to a desired level and 
then rectified. The development of circuits combining 
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magnetic amplifiers with transistors operated in the 
switched mode had particular application in missile 
work. 

In the high-power field, magnetic amplifiers in the 
range of tens to hundreds of kilowatts have been ap- 
plied to the regulation of large turbine-generators and 
synchronous machines. Similarly, with the increased use 
of semiconductor diodes instead of ignitrons for high- 
power rectification in the electrochemical field, there 
was an associated increase in the design of high-power 
magnetic amplifiers for control and regulation of these 
rectifiers. 

Progress was also reported in magnetic amplifiers for 
operation in high ambient temperatures. Magnetic 
amplifiers capable of operation at 250 C have been 
realized. Work was initiated on 500 to 600 C magnetic 
amplifiers. 

In the low-power field, the miniature saturable re- 
actors designed to work with carrier supplies in the I- 
to 10-mc frequency range demonstrated their capacity to 
perform many vacuum tube functions. Where rugged- 
ness and reliability these 
magnetic amplifiers serve well as input amplifiers, gates, 
time bases, decimal coincidence amplifiers, 
and control circuits. The speed and reliability of mag- 
netic amplifiers of this type make 


are major considerations, 


counters 
them 


suitable for 
computer applications 


NUCLEONICS 


THE PACE of nuclear power, development, both in the 
U. S. and abroad, sharply quickened in the year 1957 
In the United States, the year was marked by the comple- 
tion of several reactor projects representing significant 
advances in the development of nuclear power. Among 
these were the Sodium Reactor Experiment (SRE), the 
Army Package Power Reactor (APPR), the nuclear 
propulsion plant for the USS Skate (SFR), and the Pres- 
surized Water Reactor (PWR) at Shippingport, Pa. In 
Europe, work was well advanced on a number of re- 
search and test reactors, notably in France, Italy, Bel- 
gium, West Germany, and Sweden. And, in each of 
these countries, plans were firmed up and work was 
started on at least one power reactor as part of the 
EURATOM program. The power reactor program in Eng- 
land moved into high gear with two plants in operation, 
three plants under construction, and a fourth ordered. 
In Canada, a new and improved heavy-water moderated 
materials testing reactor designated the NRU was 
placed in operation. The Canadian power reactor 
project, NPD, was carried forward into the final stages 
of design. 

Initial operation of the PWR at Shippingport at the 
close of 1957 signaled completion of the first full- 
scale nuclear power plant in the United States. The 
plant has a rated electric output of 60 mw and utilizes 
a light-water moderated and cooled reactor. 

Following initial critical operation in April, the SRE 
began supplying small quantities of power to the South- 
ern California Edison system. The SRE is a sodium- 
cooled graphite-moderated reactor with a rated electric 
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output of 6.5 mw. It is intended to serve as a pilot pliant 
for a 75-mw nuclear plant planned for construction in 
Nebraska under the Atomic Energy Commission’s 
Power Demonstration Program. 

Extended full-power operation was attained by 
APPR at Fort Belvoir, Va. This reactor, which has both 
civil and military potentialities, is of the pressurized 
water type with an electric output rating of 2,000 kw 

The U. S. Navy's third nuclear-powered submarine 
the USS Skate, put to sea under nuclear power in O 
tober 1957. It is the forerunner of a group of five fleet 
type submarines being constructed as part of the Navy's 
program to convert all combat ships to nuclear powe 
The power plant of the Skate is similar to that of the 
Nautilus but has about one half the output in con 
formance with the smaller size of the fleet class sub 
marines. 

Most of the research and test reactors in the European 
reactor program are of the “swimming pool” type. Both 
pressurized water enriched reactors and gas-cooled 
graphite-moderated natural uranium reactors are in- 
cluded in the power reactor program abroad. 

The four major nuclear power plants now under con 
struction in England represent a second generation of 
the Calder Hall type gas-cooled graphite-moderated 
natural uranium reactor. When added to the output of 
the Calder Hall and Chapel Cross plants placed in op 
eration last year, the new plants will result in a total 
nuclear power capacity in England of over 1.5 
lion kw. 


mi} 


DIELECTRICS 


[HE PAST YEAR has been one of steady 


progress in a 
number of areas in the field of dielectrics and insula 


tion has beer 


Perhaps the most important progress 
7 


made in the insulation temperature standards. Recogni 
tion of the fact that insulating materials should be 
classified on the basis of thermal evaluation test proce 
dures rather than chemical composition has resulted in 
the recent revision of AIEE Standard No. 1, entitled 
“General Principles Upon Which Temperature Limits 
Are Based in the Rating of Electric Equipment.” The 
Committee on Dielectrics has co-operated with AIEF 
Standards Co-ordinating Committee No. 4 in this im 
portant project. 

Considerable progress has also been made in the 
gaseous dielectrics area where recent studies have im 
proved our understanding of electric breakdown phe 
nomena in electronegative gases such as SF, and the 
fluorocarbon gases, now of considerable interest for ap 
plication in transformers. In the liquid dielectrics area, 
a monograph covering this important subject is being 
sponsored. 

Progress is continually being made in the solid diele« 
trics area, especially through the introduction of new 
materials and the improvement of the older materials 
Important advances have also been made in the de- 
velopment of standardized test procedures for the ther 
mal evaluation of insulating materials and resistance of 
materials to corona and nuclear radiation 
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Fundamental Aspects of Lighting 


H. L. LOGAN 
FELLOW AIEE 


A demonstration laboratory has been set up by 
the Holophane Company, Inc., for the purpose 
of teaching the fundamentals of light control. 
Demonstrations show the “why” of lighting 
levels, the “how” and “why” of quality in light- 
ing, the principles in the design of visual fields 
and the use of color, and methods for directing 
and controlling light to make seeing efficient and 
easy. 


HE FUNDAMENTAL PURPOSE of vision is to 

gain information about the external world needed 

for the safety, health, and activities of people. 
This information is reported to the individual in the 
form of visual signals (luminous radiation), that are 
transformed within the person into pulsations on the 
nerve extensions of the light-responsive retinal ele- 
ments (rods and cones). 

These pulsations operate mechanisms at their desti- 
nations. If their destination is the cortex of the brain, 
they result in visual images and intellection. If it is the 
motor or regulatory systems of the body (muscles or 
glands), they influence the activity states of these sys- 
tems and result in feelings or emotions. 

Whether the information is consciously received 
along the line of sight (the avenue of attention), or is 
received peripherally without conscious awareness, in- 
formation is received from the entire field of view as 
long as the eyes are open and the observer is conscious; 
and this information is acted upon within the body 
(Fig. 1). 

As an indication of the close connection between bod- 
ily activity and visual stimulus, it is virtually impossible 
to go to sleep with the eyes open. The constant flood 
of radiant energy pouring into the open eyes, from the 
entire environment, maintains a high level of bodily 
activity. 

As long as it costs money to provide lighting for man’s 
indoor activities and for his outdoor night activities, it 
becomes desirable to develop application techniques 
that will reveal the maximum relevant information ex- 
isting in a given field of view, at the least expense. It 
should be borne in mind that the “maximum relevant 
information” includes not only that needed by the ob- 
server to operate his consciously directed activities, but 
also that needed to establish desirable emotional states, 
such as feelings of comfort, ease, and security. 

There is no way at present of determining the total 
relevant information that is potentially recoverable in 
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a given field of view and comparing it with the percent 
age that can be recovered under various lighting condi 
tions, but partial solutions are available. 

For example, general experience demonstrates that 
with more light, more can be seen; either because de 
tails can be identified more rapidly, or smaller details 
can be recognized, or motion in peripheral zones more 
quickly detected. The change of speed in seeing with 
increased light is shown in Fig. 2. 

More can also be seen with better contrasts. This is 
illustrated in Fig. 3 where the white beads are almost 
invisible against the white background but clear against 
the black. 


Fig. 1. A section through the human eye, illustrating areas of domi- 
nant visual and dominant physiological response. 


Factors used in connection with “quantity” of light 
are time, size, contrast, and the condition of the ob 
server. At present, although lighting engineers are 
aware that pre-exposure states may influence the re 
sponse of an observer to a visual field, and that many 
people have eye defects, they ignore pre-exposure states 
for obvious reasons, and confine themselves to acting on 
the assumption that the people who will use the light 
ing systems they design either have no visual defects 
or that their defects have been corrected to normal. 

In order to determine scientifically the illumination 
level required for a given visual task, it is necessary to 
know the size of detail that is characteristic of the visua| 
task, as well as its contrast with the background. 

Both the size of the detail and the reflection factors 
of the detail] and its background can be measured in the 
field with an illumination levels indicator, such as the 
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Fig. 2. The change in apparent speed of a roteting wheel under low 
and high lighting levels. Wheel appears to rotate fast under low light 
Weft), and seems te slow up considerably when the lighting level is 
raised (right) 


one shown in Fig. 4. The more light people have, the 
better; but the lighting level in any particular situation 
is based on the fact that people can afford only so much. 
Ihe illumination levels indicator shows three lighting 
levels for each situation, on the basis that 90% of the 
maximum possible visual performance is the lowest 
that should be bought for work or school purposes, 
and that 100% visual performance is usually too costly 
These three levels are those for 90%, 95%, and 98% 
isual performance rates 

It is significant to note that most current lighting 
codes, developed by the intuitive approach, recommend 
lighting levels which, when checked by the scientific 
nethod, turn out to permit from 95 to 98% of maxi- 

1um visual performance. 

Although the presence of light is essential to permit 
in observer to receive visual information from a field 
of view and the quantity of light, all other things being 
equal, will determine the rate at which we can see, 
“quantity” alone is not enough. There is plenty of light 
in a fog on a snow field in the daytime, but the only 
information the observer can get about the field of 
view is the presence of light. In order to get more in- 
formation from the field of view, there must be both 
qualitative and quantitative contrasts. There must be 
differences in amount of light in various parts of the 
field of view and differences in color. 

Thus, given a quantity of light, the precise distribu- 
tion of that light will determine both the kinds of cate 
gories and the quantity of information in each category 
that can be recovered from a field of view. “Bland” 
fields of view with low contrasts will convey less infor 
mation than “sculptured” fields with wide contrasts; 
but there is also a top limit to the desirable contrasts 

Inasmuch as we are natural creatures, the basic as 
sumption is that the range of distributions of natural 
lighting associated with the narrow band of climatic 
conditions that are optimal for human beings is desir- 
able to follow. Fig. 5 illustrates this range of distribu- 
tions. The two heavy lines that cross the flux diagram 
show the maximum and minimum relative quantities of 
light, for each zone of the field of view, that have been 
adopted as the guiding proportions in this method of 
designing the field of view 
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In the Holophane Light and Vision Institute, the 
principles employed in designing lighted fields of view 
are summarized in three stages of a lighting installation 
shown in natural colors, with three corresponding dis- 
tribution charts. 

Because it is not feasible to introduce color into this 
article, a two-stage explanation will serve. The two 
heavy lines that cross the diagram in Fig. 5 are used as 
guide lines in the three-dimensional design of the dis- 
tribution of light in artificial fields of view. A spherical! 
protractor (Fig. 6) is applied to an architectural plan 
and section of the interior to be studied, and a typical 
drawing of the result appears in Fig. 7. Based on this 
drawing the average brightnesses of all surfaces are 
determined by the interflection method; and the bright- 
nesses of the lighting units as they will appear to the 
standard observer in the standard position are noted 
Knowing the brightnesses 2nd areas of all surfaces 
(which can be obtained from the completed drawing) 
the relative amount of light present in each visual zone 
is computed, and the corresponding distribution dia 
gram drawn. The distribution for the interior shown in 
Fig. 8 is given in Fig. 9. 

As the distribution in Fig. 8 is outside the “guide 
lines” in three of the six zones of the chart, it shows a 
distribution that is dissimilar to the natural models. It 
can be expected, therefore, to be beyond the range of 
optimum adaption of the average observer and to offer 
more difficulty ‘to the gathering of relevant informatio1 
than occurs in optimum natural fields of view. Specifi 
cally the UM (upper monocular) zone shows 40% more 
light than is justified by the total amount of light 
throughout the field of view. It is somewhat similar t 
permitting a noise level that is too high in a soun 
transmission system. 

This unsatisfactory distribution has been improved 


Fig. 3. White beads 
shown against dark 
and light  back- 
grounds 





Fig. 4. illumination 
levels indicator 












Fig. 5. Distribution 


EF. Ne for natural lighting. 


pat test 


as shown in Fig. 9, by changing the interior finishes. 
Che distribution of light in an artificially lighted field 
of view is a result of both the way in which the lighting 
equipment directs or releases light into the space and 
the way in which the light is reflected back to the eyes 
from the surfaces it strikes. 

In short, the reflection factors of the various surfaces 
have to be taken into account. The reflection factors 
used to compute Fig. 8 were ceiling, 80%; walls, 50%; 
floor, 10%; desks, 10%. The window wall was raised to 
60%, the floor to 30%, and the desk finishes to 40%, and 
the distribution then recomputed. The result was to 
change the distribution throughout the field of view 
sufficiently to bring it within the optimum range of the 
natural models, as shown in Fig. 9. Another effect of 
this change was to raise the original average brightness 
cf the field of view, from 19 foot-lamberts to 30, owing 
to the salvage of light previously absorbed; and this rise 
in average brightness would of itself increase the quan 
tity of potentially recoverable information. 

Changing reflection factors means, as a practical mat 
ter, changing colors. Hitherto, this has not been con- 
sidered to come within the scope and competence of an 
engineer but, as there are only three possible responses 
like, dislike, or indifference), a color chart for 
engineers based on the principle of indifference be- 
omes feasible, and has been established. 


to color 








Fig. 6. Spherical perspective protractor. 
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Colors from the “indifferent” group are satisfactory 
for the manipulation of background brightness by engi 
neers, in spaces intended to be occupied by groups for 
work or study purposes (factories, offices, schools, etc.). 

Other factors that influence the kind, rate, and quan 
tity of information that is recoverable from an artifi- 
cially lighted visual field are grouped under the head 
ing of “quality of lighting.” 

The check on the predicted general distribution ot 
light throughout an interior, illustrated in Figs. 5 to 9 
establishes what the British call “bulk brightness’’ dis 
tribution. It determines the interzonal variations to be 
expected but tells nothing of the intrazonal variations, 
or the brightness peaks and valleys, popularly called 
“glare” and “shadows.” Both glare and shadows inter 
fere with the receipt of information along the line of 
sight when intercepted by the line of sight and, when 


——— <A 


Fig. 7. This diagram, because of the method of projection, is an ac- 


curate drawing from which engineering quantities can be taken. From 
it, the visual area of all significant surfaces in the room is obtained 


off the line of sight, out to at least 30° radially from the 
line of sight. That is, within this cone around the line 
of sight they directly interfere with the receipt of data 
for intellection. When outside this cone, they still in 
fixence the emotional response of the observer to the 
lighted scene through the peripheral mechanism, as 
mentioned previously. 

Any interference with the kind of information needed 
from a field of view, or with the quantity needed, or 
with the rate at which it can be received disturbs the 
observer. Insufficient light shows up as fatigue, result- 
ing from tensions caused by the slowing up of percep 
tion and the muscular effort required to bring objects 
close to the eyes for the recognition of detail. Non 
revealing shadows cause a sense of insecurity or frus 
tration. Absence of shadows shows up as errors in space 
time judgments, and an enervation of the nervous sys 
tem caused by the lack of interest in “bland” environ 
ments. Glare shows up as visual discomfort. 

Visual comfort tables are now available as a guide 
to current types of lighting that are least likely to cause 
Ispects 
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annoyance as a consequence of continued exposure tu 
them. A typical visual comfort table is shown in Fig. 10 

Referring back to the lighting design shown in Fig. 7, 
it may be noted that this diagram includes the bright- 
nesses of the lighting units. Their size can be measured 
with sufficient accuracy by a planimeter on the original 
drawing, and their positions relative to the observer can 
be determined by inspection. Using this data to com- 
pute the visual comfort relations, a prediction for this 
interior is that 50% of the observers that could occupy 
the worst position would feel uncomfortable, at the 
original level of adaptation for the interior of 19 foot 
lamberts. However, with the change in interior finishes 
that raised the adaptation level to 30 foot-lamberts, the 
percentage of comfortable observers would rise to 75%. 
Chis percentage could be raised again if means were 
adopted to reduce still further the relative proportion 
of light reaching the eyes of observers directly from the 
lighting units. One means would be to select equipment 
ht emitted from the horizontal down to 


with less lig 
60° from the vertical 
Chis point is illustrated by Fig. 11, which shows 
three photometric distributions; namely, complete dif- 
fusion, partial diffusion, and a controlled distribution. 
Curve B, showing complete diffusion, will emit 25% of 
its total output in the 60° to 90° zone, where it cannot 
be dodged by the observers’ eyes, and another 25% in 
the 45° to 60° zone, where such light will be directly 
encountered by the eyes part of the time. In short, this 
type of distribution, which is characteristic of much 
present lighting practise, delivers 50% of its total output 
in directions that cause glare all or part of the time. 
Curve C shows partial diffusion, with emission of 15°; 
of glare light in the 60° to 90° zone, and 22% of par- 
tially glaring light in the 45° to 60° zone, or a total of 
17° of light that causes glare all or part of the time. 
Curve A shows a controlled distribution in which the 
light emitted in the 60° to 90° zone has been reduced 
to 9°, and to 17% in the 45° to 60° zone, or a total of 


Oo 


26%. Lighting units having distributions of this type 
will permit the design of installations having visual 
comfort factors of 90% or better. 

The photometric distribution of the equipment used 
in Fig. 7 is similar to curve C in Fig. 11. If the distri- 
bution was changed to something similar to curve A. 
the visual comfort prediction could rise to 99%. 
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Lighting fields of view by highly diffused light not 
only may interfere with best seeing by sending too large 
a proportion of the light directly to the eyes from the 
lighting equipment, but also may interfere with the 
receipt of information from the field in other ways 
For example, the shapes of the three objects in Fig. 12 
are difficult, if not impossible, to assess accurately, as a 












































- rs 
be 2000 
- “ = sO 
= 190 
Ss 
= 
= om 
as as = vv 
es t* 
> 2 
> 
<3; - ar au 3a 60 
¥ DEGREES FROM NADIF 
o We Lae 
VCF Values for 200 Watt Lames 
Reem | Rese Ceiling Height (Ft 
#cm Be 10 3 s 
y 0 ¢ 06 37 
6 89 $9 96 % VCE Values Other Lamp Size 
60 3 $3 38 3 Compared to VCF Values fo ¢ 
= = " = Watt Lamps 
30 39 39 93 (35 “ 
¢ «0 O38 8 | ge ee eaeatee 
66 37 37 $7 $3 50 200 300 
&0 36 36 36 32 
e 7 : 71) 8s 9% | (9S% 87% 
60 36 #6 % | 92 , 
80 $5 $5 | 91 | . 
100 34 4 34 3 
32% thd > 
40 $$ 35 $5 $1 
a 69 34 34 34 30 gaa 80s 65% 
' #0 $3 $3 $3 83 
00 $2 $2 $2 88 B44 73% 55% 
é 20 30 $0 90 ac 





Fig. 10. Visual comfort factor, 25 to 100 foot-candles. Reflection 
factors: ceiling, 80%; walls, 50%; floor, 30% 


result of the bathing of these objects in diffused light 
The same objects, lighted by controlled light in which 
much of the randomly directed light is prevented, are 
easy to recognize in Fig. 13. 

The degree of diffusion in the light has an important 
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Fig. 11. Three photometric distributions 


relation to one of the aspects of reflected glare. Re 
tected glare presents a different and more subtle prob 
lem than direct glare. There is a fairly satisfactory yard 


stick for direct glare, but nothing comparable for the 


pinning down of the effect of reflected glare. Reflected 
glare has two aspects. The most important, and least 
realized, is illustrated in Fig. 14. 

Ihis effect is called ‘“dimage,’’ and is the reduction 
in contrasts caused by the diffused image of a light 
source falling on a visual task. It reduces visibility, but 
because it may occur over wide areas, it may not be ob- 
vious and often escapes detection. It is clearly visible 
in the illustration, as a portion of the newspaper was 
shielded in order to prevent dimage on the left part, 
permitting a comparison to be made. The experimental 


Fig. 12. Three objects 
under diffused light 





we 


Fig. 13. Three objects 
under controlled 
light. 
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setup was designed to bring out the effect sharply, so 
that the effect in the illustration is greater than usually 
will be encountered in actual installations. 

In general, the higher the percentage of diffusion in 
the light, the greater the degree of dimage to be ex 
pected. The degree of diffusion in light is an important 
factor in the kind of use the eye can make of light. 

The anatomical structure of people is no protection 
igainst the flat angle light of low sun travel, against 
the flat angle light from overcast diffusing skies, o1 
against artificial light from similar directions. Man's 
eyebrows, his opaque forehead, and the top of his head 
protect him against sun travel in the arc of 35° from 
the vertical. This fact suggests that man originated in 
the region of earth where the lowest arc of sun travel! 
is 35°, or thereabouts, from the zenith. This agrees 
with the general conclusion today that man originated 
somewhere along the 70 F annual isotherm where it 
crosses land masses, or roughly between 30° and 35 
north latitude. 

Apart from the unbalanced distribution of light tha: 
is characteristic of excessive diffusion, that is, apart from 





Fig. 14. Demonstration of the effects of dimage. Left portion 
of newspaper is shielded to prevent dimage.* 


the excessive proportion of flat angle light in such dis 
tributions, the visual system is not equipped to extract 
the necessary information from a field of view lighted 
by total “shadowless” diffusion. “Shadowless” lighting 
is held to be ideal by some people because its uniform 
ity is comfortable, just as a general, moderate noise level 
may be comfortable, and preferable to silence; but just 
as this noise level may mask sonic information, so also 
does the “noise” of diffusion mask visual information 
1S illustrated in Fig. 15. 

The second aspect of reflected glare, in which a 
image of a light source is reflected from the working 
area, is called “distraction.” The distraction effect is 
obvious. It is deliberately sought in some situations 
where it can be an aid in detecting flaws in shiny ma 
terials. In general, it is not an aid, but tends to mask 
the details the eye is trying to see; or when it is not 
directly on the work, but nearby, it tends to lead the 
eye from the task by its phototropic effect. Obviously, 
where there is a choice of surface finishes, as usually 
there is, shiny surfaces should be avoided in work areas 





* Control and Measure of Directional Flux at the Task, C. P. Wakefield 
iluminating Engineering, Baltimore, Md., vol. 48, no. 8, 1953, pp. 124-83 
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Shadow ts another of the 
tors that has not been satisfactorily pinned down. The 
general statement can be made that shadows interfere 
with the revelation of visual information when they 


are too dense to see into, or too faint to shape form or 


quality in lighting tac 


Fig. 15. The effects of shadows. Panel on the left shows dense con- 
cealing shadows; pone! on the right shows moderate revealing shadows 


nark 


yome times 


there 
for example, the direction in which the 


distance distinctly, but are exceptions. 
shadow is cast, independent of its relative density, may 
determine whether it interferes with or assists vision. 

A quantitative check of shadow densities versus their 
role in concealing or revealing visual information, re- 
ported to the International Congress on Illuminating 
in 1955, indicated that shadows should be approximately 
10 to 60° as bright as the unshaded areas surrounding 


them. This is illustrated in the photographs of Light 


ind Vision Institute demonstrations in Fig. 16 


the direction of (1) greater ethcien 
the conversion of electrical energy into luminous radia 
tion, thus permitting higher levels of illumination wit! 
clearer revelation of the field of view; (2) better color of 
the emitted light leading, to more faithful rendition ot 
the appearance of things; and (3) longer useful life 
which helps to lower cost. 

With 
have moved in the direction of (1 


control of the emitted light, permitting the lighting 


rum iargely in 


respect to the accessories, the improvements 


more varied types of 


pattern to reveal more effectively the special features 
that should be recognized in particular fields of vier 
2) more accurate control to reduce glare and increase 
output in preferred directions; and mechanical 
provements that reduce capital costs, installation costs 


ot the higent 
Vision Inst 


and maintenance costs. Fig. 16 shows some 

control demonstrations in the Light and 

tute 
While, 


measure of the over-all relevant information potentially 


as stated earlier, there is yet no quantitative 


recoverable from an artificially lighted held of view and 
no quantitative measure of the information actually re- 
vealed under various 
knowledge of the effect of the various factors acting i1 
dependently of each other is available. For 
some data is available on the effects of the 
light; also on the effects of the distribution patter: 


conditions, some quamtitative 


example 


quanuty o! 


direct glare, reflected glare, and shadow. The 


the best lighting system for a given field of vi 


store, machine shop, gymnasium, et 
comes a matter of intuitional optimizing 
of economic equilibrium. That is, it becomes 


of judging empirically the value of various de 


Fig. 16 Sections of commercial refractors controlling light 


As pointed out by Mertz,* there are two aspects 
to the development of communication systems,” namely 
the invention of the fundamental equipment and the 
analytical study of the use to be made of the equip- 
ment, with its “feedback” effect in optimizing the 
equipment. This is also true of lighting systems. Artifi- 
cial light sources and their accessories were first in 
vented. Then their effects in revealing a field of view 
were analyzed. Finally, the equipment has been im- 
proved in the light of the analytical study of its effects 
With respect to light sources, the improvements have 





* Information Theory linpact on Modern Communications, Pierre Mert: 
flectrical Engineering, vol. 76. no. 8. Aug. 1957, pp. 659-64 
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application of the factors mentioned, in the light of d 
cost needed to attain those degrees of application 

For the benefit of readers who feel 
ignored aesthetic factors, it should be pointed out that 
this comes under the heading of “emotions,” 
to at the beginning of this article. Lighting 
should be designed to excite satisfactory responses in 
this connection. There is a category of aesthetic data 
that should be designed into the environment, into the 
lighting system to the extent that it is a visible featur: 
of the environment, and into the application of the 
lighting system so that it reveals the essential aesthetic 
data 


the author has 


as reterred 


systems 





The Growing Importance of 
Ethics to Engineers 


P. L. ALGER 
FELLOW AIEE 


Ethical standards change with the times, thus 
guiding the widely different ideals and needs 
of people into channels beneficial to all. Ethical 
conduct is the necessary middle road between 
man’s natural inner pressure of selfishness and 
society’s outer pressure for unselfish behavior. 


N THIS ENGINEERING AGE of automation and 
television, we are concerned with programs and 
forces that bring thousands and even millions of men 
into partnership. High ethical standards, and ideals that 
ill can accept, are essential in the conduct of these great 


projects if harmony and concerted effort are to be 


secured. 

This ethical problem, of reconciling the widely dif 
ferent ideals and needs of all kinds of people, has come 
sharply into focus as the direct result of the success of 
engineers in annihilating time and distance. It is na- 
tural, therefore, that engineers should have a growing 
interest in the ethical principles which must guide us 
in organizing the ever-greater engineering projects that 


ie ahead 


MAN'S DUAL COMPULSIONS 


NATURE has endowed man with a desire to succeed, 
while society urges him to be good. Thus, he is driven 
by internal forces to act selfishly, and he is also driven 
by external forces to act unselfishly. The internal forces 
ire likely to be stronger, so society prescribes rules of 
ethical conduct, and employs police to enforce them. 

Long ago, man found that he must specialize in order 
to succeed. By acquiring special skills and tools, at the 
expense of his other affairs, a man can produce more 
ind better shoes, but then he must exchange his extra 
shoes for the surplus products made by corn and cloth- 
ing experts. Before this can be done, these men with 
skills must be able to trust one another, lest some of 
their vital needs be left unfilled. 

Chus, when capitalism began, man found that success 
no longer came so easily by the “dog eat dog’’ law of 
the jungle. He had to be trusted by others if he was to 
in the teamwork. Without mutual 
trust, each man had to be self-sufficient, and could not 
reap the benefits of his special skill unless, perhaps, an 
overlord or the state made justice sure. 


share rewards of 
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Over the centuries, man has refined his skills un 
endingly, and continually redivided the work to be done 
into more specialized tasks, thus extending his projects 
over longer periods and greater areas. All this, in turn, 
has required that men be organized into more and 
larger clans, communities, clubs, corporations, societies 
states, and nations of infinite variety. 

In every one of these human organizations, two ethi 
cal problems arise. First, how can rules of conduct be 
devised that will enlist the full abilities and loyalties of 
the members in making the particular organizatior 
succeed and grow? Second, how shall the rules of con 
duct distinguish between relations within the clan and 
those outside? 


ETHICS WITHIN THE CLAN 


THE COMPETITIVE STRUGGLE for a place in the sun 
being what it is, ethical rules within the family, or cor 
poration, or clan, must be designed to appeal to the 
selfish interests of each member, so that everyone will 
put his whole energy into making the clan succeed 
Bonuses, profit sharing, perquisites, and honors of 
many sorts are rewards usually bestowed for signal ef- 
forts of individuals in the group interest. The rules 
need also to guard against a few exploiting the many 
for group incentives that promise benefits to each i1 
nice accord with what is due, and for penalties to be 
meted out to transgressors. 

In early times, and in small self-sufficient clans, it was 
possible to generate a fierce family loyalty in D’Artag 
nan’s spirit of “one for all and all for one,” thus as 
suring maximum effort and internal harmony. In the 
large organizations of the present day, carrying on com 
plex and far-flung enterprises, it is far more difficult to 
inspire whole-hearted devotion, and strict rules wit! 
penalties for lack of effort are generally employed to 
supplement the normal incentives. Thus, both the 
carrot and the stick techniques are used, in varying 
degrees. However, every man desires to be free to do 
what he likes, and in his own good time. By doing so, 
he can fully develop his own abilities, be creative, and 
contribute the most to the success of the clan—provided 
that he has the true clan spirit. Every prohibition on 
limitation of freedom represses initiative in some degree 
and, therefore, limits progress. Strict rules and penalties 
take the joy out of work and greatly reduce incentives 
to creative effort. Hence, large organizations generally 
do their utmost to see that their members want the clan 
to succeed, and allow them freedom in proportion. 

The internal ethical problem in the clan comes down 
Lthics 
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to the age-old quesuon of how to make men be gen 
erous, altruistic, and good to their fellow clan members 
because they genuinely enjoy being so, not because of 
any hope of reward or fear of penalty. Any elan, cor- 
poration, or country that does not succeed in doing this 
will fall behind in the race. 

The answer to this question lies in reliance upon the 
power of sympathy, with which nature has also richly 
endowed mankind. A mother contemplating the suffer- 
ing of her child suffers also, even more acutely. A 
teacher, seeing the success of a beloved pupil, feels the 
keenest pleasure. And all the members of a close-knit 
family share deeply in the ups and downs of feeling 
experienced by each of them. 

Whenever a group of people work together with a 
common purpose, therefore, in circumstances that allow 
each to make a distinct contribution and share fully in 
the rewards of the group effort, they develop bonds of 
sympathy, like those in a family. This being so, each 
will suffer too when any one of them is hurt, and each 
will enjoy whatever gives pleasure to another. As K. K. 
Paluev has remarked, the success of large American 
corporations is largely the result of their having learned 
how to develop effective teamwork and friendly rela- 
tions between associated workers, to such an extent that 
the talents of many are fused into a super individual— 
a “collective genius”—actuated by a strong clannish 
spirit. These synthesized geniuses are themselves drawn 
into association with other groups (in much the same 
way that protein molecules grow), thus extending in- 
definitely the co-operative relations of ever larger num- 
bers of men, and correspondingly enlarging the ability 
of mankind to succeed in ever greater projects 


EI HICS OUTSIDE THE CLAN 


IN THE EARLY DAYS, clans obeyed the law of the jungle, 
just as individuals did at first. It was clan against clan, 
in the spirit of the Irishman at the fair whose rule was 

Wherever you see a head, hit it.” As capitalism grew, 
however, clans as well as individuals became specialists, 
and they had to gain the trust of other clans in order 
benefits of their special skills. Germany 
without copper, and the United 
States without tin are examples of those who have 
relations with countries 


to reap the 


sritain without oil, 


learned the value of friendly 
who can fill their needs 

Before we had radio, or many travelers abroad, it was 
easy for a good American to be completely unaware of, 
and callous to, the troubles of a Cairo shopkeeper or a 
Japanese fisherman—in fact, all the world’s troubles 
outside his own town. Until feeling is conveyed, there 
is no sympathy. It is easy to hate a man you have never 
seen, about whom you have been told atrocious things. 
When you meet and talk with him, or mingle with his 
family circle, liking takes the place of hate, and you 
cannot help sharing the stranger’s feelings. Ethics begins 
at home and can extend only gradually, step by step, to 
those outside the clan. 

Thus, the ethical relations between clans as a whole 
are following the same course as those between members 
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within a clan, but lagging many vears or eve centuries 
behind. The lag has been greater, on the whole, the 
larger the clan size. Ethical relations between nations 
for example, are just beginning to become civilized, or 
at least we hope they are. The road ahead is clear, but 
progress is going to be painfully slow. 

A difficult ethical problem that many organizations 
are just now coming to grips with is to devise rules of 
conduct for members in their relationships with out 
siders. On the one hand, membership must carry with 
it certain benefits and fraternal relations— (which 
provide the incentive to join) that are not granted to 
outsiders. On the other hand, good relations must be 
maintained with members of other clins having comple 
mentary needs and products. Not long ago, autar« hy and 
isolationism were passionately advoc ated but. wher 
tried, these roads have led to bitter failure. Nowadays 
“most favored nation” clauses creep into treaties, and 
commercia! discounts are extended to favorites, in wavs 
that break down the barriers between the “ins” and the 
“outs.” And, large corporations have found it worth 
while to sublet a large proportion of their work t 


to satellite 


smaller companies with special skills, or 

plants with all degrees of independence. 
Everywhere, the empires are breaking up and being 

replaced by commonwealths, or 

groups, that are tied together by accepted ethical 


thority 


and common interests rather than by over-all] auth 
Everywhere also, diverse kinds and sizes of 
coming interrelated by association in common 


prises, so that new commonwealths are growing 


loosely associated 
( ode S 


clan are be 


wn fron 
up ii 


the bottom in great variety. This growth of freed 
among and co-operation between clans stems from t! 
same cause as the growth of individual specialists and 
freedoms within clans. In each case, once a bond 
sympathy is established, so that loyalty to the 
interests of the clan or clams overrides purely selfis! 
feelings, productivity and creativity rise in proportion 
to freedom. Without sympathy, freedom can easily pro 
duce chaos, because both clans and individuals may ther 
revert to the law of the jungle, unrestrained by witness 
ing the sufferings of others. 

Attempts are still being made to obtain productivity 


large! 


without granting freedom, and to preserve old privi 
leges that are no longer earned, but these are for: 
doomed to fail under the modern conditions that 
engineer has created. Productivity comes from specia 
skills and tools, which require freedom, sympathy, and 
be de 


the 


mutual trust. Then more skills and tools may 
veloped, thus bringing more people into friendly co 
operation, allowing more freedom and creating mor: 
sympathy and trust which, in turn, increase productiy 


ity, and so on and on 


ETHICS IN THE AGE OF AUTOMATION 


No ONE PERSON or company or industry or nation is 
any longer fully self-sufficient. Daily, 
more dependent on each other. We are not conscious 
of this in a supermarket, where we have the choice of 
six other brands if our favorite coffee or cereal] is miss 


we are becoming 
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But acutely aware of 1 when the electri 
power, or water supply, or the daily paper fails. In these 
cases, we wait helplessly until those skilled in the art 
restore service. And, it is perfectly clear that the service 
will not be restored unless and until these skilled per- 
sons actually want to do so. Any number of VIP’s giving 
orders will be of no avail if there is no one available 
who both knows how to and wants to do the work. 

We may pass laws and apply penalties ad infinitum 
and still be unable to make skilled persons want to per- 
form set tasks. The more skill is required, the more 
likely the expert is to be a pernickety person with 
strange ideas of what reward he should be given for his 
efforts. And the more we automate our affairs, the more 


ing. we are 


there will be of these pernickety people we shall have 
to rely upon 

Ihe only solution is to develop good human relations, 
which means to arrange matters so that everyone shares 
in the pleasure and rewards of good work, and so that 
everyone also shares, at least sympathetically, in the 
suffering that occurs when work is not done well or at 
all. That is, good ethics are more and more necessary, 
ind also are more and more rewarding, with each step 
ahead that we take into the age of automation. We need 
good individual ethics, but we need even more good 
clan ethics—for companies and unions and nations and 
races. The engineer, who aids and abets all this special- 
ization and automation, especially needs good ethics— 
to help his profession gain public confidence, and to 
help manage projects with which he is concerned as 
well as for his personal benefit 


WHAT ENGINEERS ARE DOING ABOUT ETHICS 


['HROUGHOUT THE ENGINEERING PROFESSION, ethical 
codes and rules for professional conduct are being dis- 
ussed and revised. The National Society of Profes- 
sional Engineers (NSPE) has just brought out a bro 
hure entitled “Ethics for Engineers,” which contains 
the Engineers’ Council for Professional Development 

ECPD) Canons of Ethics (which have been adopted by 
more than 80 organizations) and a set of rules for profes- 
sional conduct, largely taken from the ethical codes of 
the various engineering societies. This contains a fore- 
word by the chairman of the ECPD Committee on Eth- 
ics, which, in effect, approves the rules for trial use, and 
indicates that after due discussion and experience, they 
may be revised and reissued with formal ECPD ap- 
proval. This marks an important forward step toward 
unity in the engineering profession. 

The American Society of Civil Engineers (ASCE) has 
been particularly concerned with advertising for bids 
for engineering services, and the award of such con- 
tracts to the lowest bidder contrary to the Society's 
ethical code. To meet this problem, the Society has 
brought out a pamphlet entitled “Negotiated Kngi- 
neering Contracts Protect Public Interest,” which ex- 
plains why it is not good ethics for engineers to engage 
in price bidding, and describes the proper procedures 
to be followed in selecting an engineer. The ASCE is 
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also considering a revision of an article in their code of 
ethics that deals with advertising by professional en 
gineers, and is studying the difficult problem of regis- 
tration requirements in connection with the practice of 
engineering by corporations. This latter subject has 
been under intensive consideration by the New York 
Society of Professional Engineers for the past three years 

Last year, the American Society for Engineering Edu 
cation (ASEE) prepared a brochure on practices in 
college recruiting, which is the product of many confer 
ences and much thought by both industry and teachers 
This brochure will be reviewed by the ECPD at its 
annual meeting, and it is hoped that agreement may 
then be reached on its reissue with formal ECPD ap 
proval, after incorporating whatever changes may seen 
desirable as a result of experience in its use during the 
past year. 

A recent NSPE survey has shown that 24 of the is 
Boards of Engineering Examiners are now including 
ethical considerations in making their decisions whether 
to grant, withhold, or withdraw a license to practic 
engineering. The New York Board of Examiners has 
requested that the NSPE prepare “clear and specifi 
statements of those acts or omissions which shall be 
deemed unprofessional,” for their consideration. This 
fits in with a project already proposed for the ECPD 
to draft a supplement to the Canons of Ethics dealing 
with ethics of professional practice, for the guidance of 
Examining Boards. 

The ASME has also been active in the field of ethics 
giving special consideration to procedures for consult 
ing engineers. And, the ECPD is working on a 
book” that may be used in teaching ethics to college 
students in the same way that law is taught. Finally, our 
own Institute has held a series of conferences on ethics 
over the past several years, at which representatives o! 
other professions have spoken. These conferences hay: 
lent support to some of the previously mentioned 
projects and also have led to several interesting articles 
that have appeared in Electrical Engineering 


“Case 


SUMMARY 


THIS BRIEF REVIEW of activities in the field of ethics 
for engineers gives further evidence that conduct which 
was considered ethical some years ago may no longer be 
acceptable. Along with automation and television hav: 
come new and higher ethical requirements, that mak« 
it necessary to continually revise and extend our codes 
of ethics, just as we regularly revise our technical en 
gineering rules. 

To anyone interested in gaining some perspective in 
this matter of ethical conduct, as it has evolved over th« 
years, I recommend the seven volumes of Campbell's 
“Lives of the Lord Chancellors of England,” which came 
out in 1851. This narrated how it was perfectly prope 
for the king, or even a lord, to take any man’s wife o1 
life to satisfy a passing whim; it was right to hang a man 
for stealing; and public offices were sold to the highest 
bidder as a matter of course. Yet, in each case there came 
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ia 


sudden such an act was utterly wrong 

A briet extract from a history of England published 
in 1745 will make the point clear. Here, it is stated “The 
punisnments inflicted upon offenders of all kinds are 
much more merciful in England, than in any other part 
of the known world. Such criminals as are obstinate at 
their trial, and refuse the plea of answering Guilty or 
Not Guilty, Pressing to Death is the proper punishment. 
In such a case the prisoner is layed in a low dark room 
in the Press Yard at Newgate, his back upon the bare 
ground, his arms and legs stretched with cords, and 
fastened to the several quarters of the room. This done, 
he has a great weight of iron and stone layed upon him. 


His diet, till he dies, is only three morsels of Barley 


and if he lives beyond 


he 


Bread without drink the first day 
it, he has nothing daily but as much foul water as 
can drink.” 

In our own country, only 150 years ago, persons were 
put in jail for the crime of teaching a colored child to 
read, and we have a long way to go yet before such 
children can have an education equal to that given & 
others. The present revelations of unethical procedures 
that are given so much space in the daily papers show 
that our national code of ethics is having growing pains 

As engineers, who carry a great responsibility for the 
safety and technical competence of our country, we 
should make every effort to keep our codes of ethics 
and our conduct, in step with the march of progress 





The Electrical Engineer in the 


Petroleum Industry 


|. M. CROTHERS 
MEMBER AIEF 


Advances in chemistry, metallurgy, and me- 

chanics ond an increasing rate of production 

have added to the problems and responsibility 

of the electrical engineer. These problems are 

defined in a discussion of a petroleum process 
plant project. 


N RECENT YEARS electrical requirements in pe 

troleum process plants have increased in direct pro- 

portion to advances in chemistry, metallurgy, and 
mechanics. The trend toward greater production in less 
ime has introduced higher voltages, larger motors, and 
more complicated supervisory and automatic control. 
his has created additional problems and responsibility 
for the electrical engineer which may be more clearly 
defined by following his functions when assigned to a 
new large petroleum process plant project. 

The electrical engineer today works more than ever 
with the chemical process engineers. He must be able to 
understand the mechanical flow diagrams and be able to 
discuss the various features of the process in order to 
design the required power and control systems. From 
these flow diagrams he obtains the approximate number 
and size of the large and small motors and other special 
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equipment such as heaters, cycle-timers, electrically of 
erated valves, and thermocouple systems 

Concurrently, the proposed plot plan is developed 
and here he assists in locating the incoming power with 
the required substation and distribution system whether 
underground or overhead. He locates motor controls 
and reserves space for electrical equipment in buildings 
such as control houses, boiler houses, and storage facili 
ties. Here, with the knowledge of the process, he esti 
mates the blocks of power required by process sections 
or areas and an estimate is made of the lighting re 
quirements. Future expansion is carefully considered 
and additional space is provided which will not inte: 
fere with the process expansion. Hazardous, semihaz- 
ardous and nonhazardous areas are determined in con 
sultation with process engineers 


TENTATIVE SINGLE-LINE DIAGRAM 


SUFFICIENT INFORMATION should then be available t 
estimate or determine the following: 


1. Maximum operating kw, and future kw 
2. Distribution system voltages and choice of over 
head or underground 

3. Motor voltages 

4. Estimated power factor 

5. Lighting—where floodlights, incandescent, or fluo- 
rescent should be installed 
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, 
hnazvarcadous semibazardous 


6. « 
ind nonhazardous 


lassiiication ot are 


7. Need for economic studies 


\ tentative single-line power diagram is made show 
ing the distribution system with the usual relaying, 
motor control, and lighting transformer. 

Detailed discussions are then held with the client for 
ipproval to proceed on the foregoing information. Serv- 
ices are offered to assist the client in negotiating the 
agreements and the final contract with the power supply 
utility. 

These discussions with the power supply utility usu- 
illy finalize the following 


|. Ownership and responsibility of main substation at 
plant. Often the utility will want to own and build the 
main substation and supply the secondary distribution 
service. The client will then own and specify the main 
distribution system feeder switchgear. At other times, 
the utility will terminate the incoming high voltage 
lines at a point where the client will own, and be re- 
sponsible for the entire substation. Here also the tem- 
porary construction power requirements are discussed 
and arranged. 
2. Maximum kva with consideration of future expan- 
sion. Supply characteristics—voltage, phase, cycles. 
}. Incoming line—whether single, double, or the desira- 
ble loop service can supply from either or both direc- 
tions. 
+. Location of substation and right of way for incom- 
ing service. 
5. Large motor starting requirements. 
6. Short circuit currents at the point of incoming serv 
ice with consideration of future utility capacity. 
Grounded or ungrounded plant system. Most elec- 
delta 
grounded-Y secondary plant distribution system, 


and 
and 


trical engineers now specify primary 


experience indicates that utilities concur. 
8. Service dependability—average yearly outages, light 
ning protection, and any special relaying. 


9. Special utility regulations or requirements such as 


insulation levels, grounding, and spacing. For example, 
ertain utilities, depending on regions, require high 
creepage insulation on certain types of equipment. 


SINGLE-LINE DIAGRAM FINALIZED 


WITH 
tive single-line diagram can be fairly well finalized and 
brought to a workable stage. Motors and various equip- 
ment are separated into critical and noncritical process 
items. Dividing the process into sections, motors can be 
arranged into various groups and connected to appro- 
priate feeders. Critical process items are grouped on 
busses which can have alternate or emergency service. 
Radial, primary selective, or loop systems are studied 


THE AFOREMENTIONED INFORMATION, the tenta- 


and the most advantageous system is chosen. Emergency 
power consisting of a turbogenerator may be necessary, 
if only for lights, fire alarm instruments, aircraft warn- 
ing lights, and possibly motor or solenoid operated 
valves. 
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Calculations can now be made of short circuit cul 
rents, voltage drops, and power factor; the appropriate 
relays, current and potential transformers, instruments 
and cable sizes are determined. 

Long delivery items are determined as quickly as 
possible and specifications prepared for their purchase 
so that the manufacturer’s prints will be available to the 
drafting department. These items consist of main sub 
station, large motor and motor control, any load cente: 
unit substations, high voltage cable, and other specia! 
equipment. Expediting the manufacturer’s physical and 
wiring prints is extremely important as drafting is con 
tinuing and detailed information is needed. Motor con 
trols present a difficult problem as pumps must be spec: 
fied prior to motor selections and motors are too often 
rather carelessly chosen. Enclosures and types are im 
portant and inadequate horsepowers are often selected 
on the low side. The electrical engineer usually pleads 
for correct information on all motors and especially 
those having special requirements. 

While these specifications and purchase orders ar: 
proceeding, the drafting department needs continual 
assistance with the design, layout, and details, but also 
with manpower and drawing schedules together with 
the proper co-ordination of information of the other 
crafts. Here, a constant study of the process mechanical! 
flow diagrams continues and operating methods and 
procedures are analyzed to produce elementary contro! 
systems to get the proper interlocking and sequential 
operations with maximum safety. Close co-ordination is 
necessary between process, instrument, and electrical 
departments to design the correct control diagrams for 
automatic safety shut-downs in specific sections. Prope: 
alarms and indications for ease of shut-downs and fast 
recovery to on-stream conditions are worked into the 
design. Here, automatic switchover to alternate o1 
emergency power is carefully considered and applied 

Control rooms have become the show place of the 
petroleum plant. The control room has vinyl or ceramic 
two-tone tile flooring, the most modern direct and in 
direct fluorescent lighting, beautiful lighted miniature 
and standard instruments, red, green, blue, orange, and 
white indicating lights, annunciators that blow a horn, 
then twinkle, then steady themselves. A graphic presen- 
tation of the process, in all the colors of the rainbow 
depicting the piping and major items, stretches along 
several panels finished in apple green or robin’s-egg 
blue. This is a job! Many hours are spent in just decid 
ing “why,” and “how” it should be done, and 
should do it. 

Annunciators are separated as other items into proc 
ess sections. Sound powered telephones for separate 
units or entire plants are used quite often and serve a 
good purpose as there is no interference by outside calls 
Fire alarms are installed and aircraft warning-lights 
must be considered. Guard and time-clock systems and 
lighting protection of high lines, structures, and build 
ings are often required. 

All instrumentation and controls interconnected with 
instrumentation are separated into process sections. 


“who' 
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Each is supplied from a different source—not trom light 


ing service—so that no interference will occur when 
maintenance of lighting is required. Each process sec- 
tion can be de-energized separately. 

Thermocouple systems have developed into quite a 
specialized art with the use of telephone stepping re- 
lays. These relays, when grouped near the thermocouple 
installations, greatly reduce the number of wires and 
size of conduits running back to the control house. The 
two most used systems are the straight indicating py 
rometer with the telephone dial and counter usually 
desk; 
temperatures of heaters. In 
driven by a motor, cyclic 


located on the operator's and the scanning sys- 
tem, mostly used on tube 


the latter, the dial, actually 


] 


scans many points, and indicates each separately. These 


ire so connected that a high or low temperature stops 
the scanner and sounds an alarm. These stepping relays 
ire extremely versatile. In fact, systems have been de 
veloped in which, by dialing the proper number, the 
)perator Can start or stop motors, open and close valves; 
actually operate the entire plant but the unions did not 


ike the 


idea 


LIGHTING A PROBLEM 


STRANGE AS IT MAY SEEM, lighting is one of the most 
difficult problems for the electrical engineer. It is difh 
cult because from the president all the way down to the 
chemical engineer evervone knows or thinks he knows 


} 


how to light the plant. They may not know anything 


about foot-candles, lumens, coefficients of utilization, or 
read the recommendations of the illumination societies, 
but they most certainly know all 
trol be 


fluorescent lamps giving the floor or walking area 30 to 


about lighting. Con- 


rooms can well lighted with recessed units of 
35 foot-candles and the panels 50 to 60 foot-candles 


using control lenses. Fluorescent is also good in the 


switchgear rooms, offices, maintenance buildings, and 
warehouses. These new color corrected mercury vapor 
floodlights do well for parking areas and road lighting. 
They do very well in all areas having low equipment 
where shadows can be illuminated. Refineries have 
crowded structures, vessels, towers, gauges, isolated in- 
struments, and valve areas which cannot be foot-candled. 
This is where experience and good judgment places 
the incandescent units to the best advantage 
RESPONSIBILITIES OF 


THE ENGINEER 


DuRING THE PROCESS of planning and finalizing these 
numerous details, the drawings are progressing and or- 
ders must be placed for all the miscellaneous items in 
order to meet delivery schedules for construction. Meet- 
ings with the client are usually necessary to obtain his 
preference on items such as wire, conduit, fittings, 
welding, receptacles, service receptacles, plugs, switches, 
etc., right down to the catalogue numbers. This is im- 
portant and must be tabulated and issued to the draft- 
ing department in order that everyone uses the same 
items. It complicates things when each draftsman picks 
different manufacturers for the same items. Standard- 
Crothers 
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ization ts very necessary in all draiting departments 


and close co-ordination between all crafts must be mal! 


tained. 
Manufacturer's prints are also arrivin 
carefully be checked and distributed to the 
parties for their information and drafting 
tain prints must be directed to other crafts in order to 


is of switcl 


complete the over-all design. Wiring diagran 
gear, starters, relay cabinets, and other packaged item 


must be very carefully checked so that inte! 


tion diagrams can be correctly made 


IOT iat 


rhe electrical engineer usually is responsible 


tory inspection of items he specifies. This should i 


clude switchgear, starting and control equipment, and 


j 


any equipment that has complicated wiring and a 


equipment which must match or be bolted together 


the field 


1 
the 


Some equipment should be 
] } ld 


ana snouida 


operated at 
factory before delivery tnessed 
satisfactory operation 

During construction, it is often necessary for him 
spend many days and occasionally weeks in the field not 
only to assist in the interpretation of drawings, to check 
relay settings, and to describe operation, but also to 
assist in getting the plant on stream. He is often re 
quested to instruct operators and maintenance men on 
the salient points of new or complicated equipment. As 
a matter of fact, the electrical engineer is more likely 
to know more about the over-all plant details and 
eration than other crafts, because these plants are 
trically operated and he is more familiar with 
tails of control, alarms, protection, am 

Perhaps some of you remember when 

to hook-uy 

erators could start and stop equipment, and 
Ala 


Starter 


engineer was requested ) 
sufficient light for night operation 

Motor 
ly detailed on elaborate drawings, shov 


fabricated in the field 


fry! 


angles, bolts, nuts, conduit, bushings, and } 
lugs. Instrument panels were panels supporting the 


erv 24 


instruments which were spring-wound ev 
Some consideration was given to voltage droy 
little to interrupting capacity or powerfactor. 
markable how well plants operated and actual 
profits. 

The electrical engineer finally convinced the 
fioat switch had 


ical engineer that a been designed 


which would start a motor, drive a pump to fill the 
tank, then stop the motor and pump when the 
was filled. This would save the operator from 


tank 
running 
out, starting the pump, watching the gauge, stopping 
the pump and returning to the instrument house. It is 
stated that that was the wedge which opened the doo: 
for the electrical engineer in the petroleum industry 
The demands for more quantity and better quality 
stimulated chemical processes and the entire electrica 
industry; and personnel engineered, designed, and fabri 
cated methods, systems, and equipment to meet these 
demands. Prefabricated, then complete packaged units 
were produced. 

Today complete high voltage substations from the 
Indust 


the Petroleum 





incoming line to the outgoing feeders, including ever 
thing from steel structures to anchor bolts, all insula 
tors, switchgear, grounding, lighting, and even the en- 
closing tence with danger signs are available. It is old- 
fashioned to detail motor starter racks when motor con- 
trol centers are available with unlimited flexibility, 
.ompletely wired and ready for installation. Packaged 
unit air heaters, water treating systems, instrument con- 
rol panels, load-center unit substations, air compressor 
units, cycle-timers, and many other items are standard 
ind can be used as produced, or with minor changes, to 
suit certain requirements. A thorough knowledge of the 
various electrical systems in the refinery to satisfy the 
process is a prerequisite to specifying these packaged 
units. This is the electrical engineer’s responsibility 
Where possible, standard items and packages should be 
used, but where modifications are necessary, improve- 
ments and progress should be paramount. 

Control circuits involving sequential starting, inter 
locks, and sequential shutdowns require complicated 
wiring diagrams. A thorough knowledge, not only of 
the chemical process, but in many cases, the mechanical 
features of special equipment is also necessary. Greater 
production and more closely controlled products have 
resulted in larger motors, more instrumentation, greater 
hazards, and more responsibility for each profession in- 
volved. Larger motors mean more protection by relay 
co-ordination and adequate power-interrupting capac- 
ity. More rigidly specified products mean more instru 
mentation with more interlocks and alarm systems. To- 
gether these create greater hazards to equipment and 
personnel, and more sequential starting and stopping 
systems are needed. Emphasis cannot be too highly 
stressed for the close co-ordination required of every 
profession and craft to produce today’s well-operated, 
easily maintained, safe, efficient petroleum plant. 

With through-put crude capacities increasing to over 
100,000 barrels a day and reactors going to 50,000 bar- 
rels a day, all services increase in proportion. It is now 
not to have motors in several thousand 
horsepower for blowers and compressors, and several 
hundred horsepower for water services. These require- 
ments often increase the voltage from 440 to 2,300, and 
in certain areas 2,300 to 13,800. Naturally, the higher 
the horsepower and voltage, the greater is the need for 
better protection and dependability. We do not carry 
a spare rotor for a 3,000-hp motor, yet the cost of an 
outage of a 50,000 barrel a day unit is somewhat higher 
than an outage of a 20,000 barrel a day unit. Interlock- 
ing for proper sequential starting and stopping and 
automatic safety shut-down of these large units must 
be reliable. 

Electronic devices designed for aircraft, radio, com- 
puters, and television are currently being analyzed for 
use in petroleum, chemical, and nuclear projects. Some 
have been applied with success, such as sensing devices 
for changes of temperatures, pressures, flows, and levels 
to adjust sensitive control equipment. 

The extent to which applied nuclear technology will 
change the petroleum industry in the future is, at pres- 


uncommon 
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ent, unpredictable Chemical reactions are being Cal 

ried out carefully by controlled temperatures and pres 
sures in the presence of specific catalysts. We know that 
atomic radiation, especially electron radiation in the 
form of electron beams will produce reactions, but our 
knowledge is still very limited. This field is mostly a 
laboratory assignment. The next few years should 
bring together nuclear and electronic power combined 
with instrumentation to produce an increase of at leas: 
50% more products and services with only 10°, mor: 
effort. This must be accomplished. Talk now is of a 
four-day work week. The answer must be more auto 
mation. The electrical engineer may see into the future 
when the petroleum plant will be loaded with electron 
devices; automatic digital computers redesigned to send 
control signals from precalculated programming tap 

sensing devices to adjust speed of production; auto 
matic monitoring of product analysis, and a host of 
unpredictable controls. 

Established correlation between research, electron 
nuclear, and power teams should produce more and 


better things than we have ever known 


Mirrors Duplicate Sun’s Heat 


Temperatures almost as hot as the sun’s surface have 
been produced with standard motion picture projection 
equipment. Scientists engaged in high-temperature 
studies at the Research Laboratories of National Carbon 
Company, Division of Union Carbide Corporation, 
have developed an arc image furnace that uses a carbon 
arc to produce a small but extremely high-energy-level 
beam that can heat materials to temperatures above 
7,000 F. The technician is using a high-temperature 
microscope to see what is happening as a material under 
study is heated to extremely high temperatures by the 
arc image furnace, which is an extremely versatile re- 
search tool. 


ELECTRICAL ENGINEERING 





Second Order Saturated Servomechanisms 


J. W. 
STUDENT 


PRIMARY REQUIREMENT in many position- 
ing systems is that errors resulting from large in- 


A 


put disturbances be reduced to tolerable values as 
quickly as possible. For a linear system, this require- 
ment could be satisfied by making the ratio of torque to 
inertia sufficiently large. However, even with the best 
servomotor design, this ratio is limited; therefore, to re 


duce 


the response time sufhciently, the designer fre- 
quently must contend with saturation in the system 
components and resulting saturated values of available 
torque 

If saturation effects are present in a given control sys 
tem, optimum minimum re 


response in the sense of 


covery time is obtained if the corrective torque is al- 


lowed to saturate at its maximum permissible value 
during recovery from the disturbance, so that full avail- 
able power is utilized at all times. In order to avoid 
excessive overshoot, it is also necessary that the direction 
of torque be reversed at the proper instant during re- 
become zero si- 


I he 
instant of torque reversai is determined by a computer, 


covery, so that the error velocity will 


multaneously with the error in position proper 
which utilizes information obtained from the input and 
output, and manipulates the corrective torque accord- 
ingly. 

Ihe required computer characteristics established in 


this paper are applicable to second-order systems ex 
cited by inputs consisting of combination velocity 
displacement steps. It ts 


spring the 


and 
that there 
that 
torque depends only on the control voltage m and the 


output speed ¢’ 


assumed are no 


forces in system, so the servomotor 


The speed-torque characteristic corre- 
sponding to maximum torque may then be represented 
by an expression of the form 


D | ™max 


where c’” is the output acceleration, and ¢ (m,,,,, ¢’) is an 


arbitrary function of the output speed c’. It is observed 


that this definition includes the broad class of nonlinea 


speed-torqu¢ characteristics of such servomotors as are 
used in control systems of the standard type 


In order that the corrective torque be manipulated in 


an optimum manner, the error e, the error and 


rate e’, 


the input velocity r are fed to 


a computer which then 


determines the quantity 


This computed quantity is then used to actuate a 


polarity sensitive relay with output + m,,,, determined 


by the algebraic sign of f(e, e’, 7”). The relay output is 
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NONLINEAR AMPLIFIERS 


Fig. 1. Schematic diagram of computer required for optimum control. 


then used as the control voltage of the servomotor. 
When controlled in this manner, the response of the 
given system will be optimum to step displacement and 
velocity inputs. 

also be ex- 


The computed quantity f(e, may 


pressed as 
where 


PA Manas, t A Maar: * 

From these expressions it is seen that the one way to 
compute f(e, e’, r’) is that indicated in Fig. 1. It is inter- 
esting to observe that the required nonlinear amplifier 
characteristics g(u) and hi(u) may be found directly from 
the full control voltage speed-torque characteristic of 
the plant. This curve is the only information concerning 
the plant necessary 


for synthesis of the required com- 
puter. 

In many applications, simplifying approximations 
might be used to determine a less elaborate compute! 
than that The 


nevertheless, significant in-that they exhibit the 


indicated. foregoing expressions are, 


DOSSI- 
bility of determining jf(e, e’ 


using only existing com- 


puter techniques 
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Mr. Davies, retiring after 23 years as Secretary 
of The American Society of Mechanical Engi- 
neers, describes the evolution of ECPD, which 
has become an important instrument serving the 
engineering profession. The organization has 
made considerable progress in the administra- 
tion of a coherent, unified program of continuous 
growth for the young engineer. 


HE FORMATION of the 


Protessional Development 


Engineers’ Council for 
ECPD Fall of 
1932 resulted from the impact of two chains of 


in the 


events under way within the engineering profession 


In the year 1922, one chain of events started at the 


Society for the 


(SPEE), American 
Society for Engineering Education. The initial impetus 


Promotion of Engineering Educatior 


which was the forerunner of today’s 
came when Charles F. Scott, in his presidential address 
asked 


rich engineering education?” A 


“What can SPEE do to develop, broaden, and en- 
board of investigation 
and co-ordination was appointed with Mr 
secured, and William E 


den was appointed director in November 1923. 


Scott as 
Wicken- 


chairman. Funds were 


GROWTH OF THE IDEA 


IN SUCCEEDING YEARS, Mr. Wickenden’s 


tained recommendations for bringing together the edu- 


and 


reports con 


cators, the profession, the industry, in a coherent 
scheme of educational development. In 1927, speaking 
at the Annual Meeting of The American Society of Me- 
chanical Engineers (ASME), he defined his concept in 


the following 10 points: 


1. Act jointly; pool your interests with sister socie- 


ties and colleges. 
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The Builders 


of 
Engineers’ 
Council for 


Professional 


Development 


C. E. DAVIES 
FELLOW ASME 


2. Take active measures to guide American youth in 
its consideration of careers. 

3. Create a joint accrediting agency for colleges of 
engineering 

$. Re-examine and, if practicable, codify your rules 
of admission to membership 
branches, educate students in 


5. Through student 


the history, traditions, ethics, and social functions of the 
engineering protession 

6. Create joint sanctions tor the award of protes 
sional degrees. and relate them to terms of admission to 
professional grades of membe rship 

7. Take a large share in directing the after-college 
education of young engineers 

8. Certificate the educational and professional at- 
tainments of engineers within the profession 


other credentials of edu- 


Q Take measures to create 
cational attainment in addition to college degrees 
10. Do your part, through joint agencies, to promote 


the corporate welfare of engineering education. 


The substance of these 10 points 
the concept of ECPD. 


appeared later in 
IMPACT OF ASME 


ASME 


busine SS 


ANOTHER CHAIN OF EVENTS started at the 1927 
Meeting. A 


session about the inequity of engineers’ compensation 


Annual question raised in the 


compared to that of other professions led to the estab- 


Condensed text of an address presented at a banquet 
the 25th Anniversary of ECPD, held during the EJ¢ 
New York, N. Y., Oct. 24-25, 1957. 


commemorating 
ECPD Joint As 
sembly 
after nearliv 
carried the 


Cc. E. Davies retired as Secretary of ASME on Dec. 2, 1957 
$8 vears on the ASME staff and 23 years as Secretary. He 
1dministrative responsibility for, and was intimately associated with, the 
preliminary steps taken by ASME which resulted in the establishment of 
ECPD in 1932. He served as ECPD Secretary for its first two vears 
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lishment of a committee on the economic status of the 
engineer with Conrad N. Lauer as chairman, Wicken- 
den was a member, as were Clarence F. Hirshfeld, Dex- 
ter S. Kimball, Harry Oatley, James M. Todd, W. A. 
Starrett, and Herbert L 

The resulting “1930 Survey of Earnings of Mechani- 


Whittemore. 


cal Engineers” was published in September 1931. Elliott 
Dunlap Smith of Yale University served as survey di- 
rector, and Hudson Hastings, also of Yale, prepared the 
Statistical tabulations. 

The committee interpreted its task as broader than 
earnings, and included in its function “the suggesting 
of ways and means for broadening and deepening the 
engineer's life with a view to improving his status pro- 
fessionally and socially.” 

Accordingly, in October 1931, this committee and the 
ASME Committee on Registration recommended to the 
ASME Council a joint program for upbuilding engi- 
neering as a profession. The report was entitled “Certif- 
the Profession,” and contained these five 


cation into 


points 


1. Act jointly. 
2. Take active measures to guide youth in its consid- 
eration of careers 

3. Co-operate actively in the educational process: Es- 
tablish joint accredited agency for colleges of engi- 
neering 

$+. Direct the after-college training 

5. Certificate the educational and professional attain- 


ments of engineers within the profession 


The October recommendations were approved by the 
ASME Council early in December 193] 


were authorized to other societies to undertake joint ac- 


and invitations 
tion. From then on, events moved rapidly 


CONFERENCE ON CERTIFICATION 


1932. the Conference on Certification 
into the Profession was convened by Mr 
ASME President. M1 


man, and C. | 


Own FEBRUARY 3, 
Lauer, then 
Hirshfeld was selected as chair 
Davies as secretary 


ASME 
Council of 


Che joint programs 
The 


Engineering Ex- 


suggested by 
National 
aminers (NCSBEE) and American Institute of Chemical 


was approved in principle. 
State Boards of 
AIChE) were invited to join the American 
ASCE), the American Insti- 
(AIME), ASME, AIEE, and 
SPEE, and a planning committee was appointed with 
General Robert I 

On April 14, 1932, with seven societies represented, 


Engineers 
Society of Civil Engineers 


tute of Mining Engineers 
Rees as chairman. 


the Conference adopted the report of the Planning 
Committee entitled, “The Development of the Engi- 
neer—A Program for Joint Action,” and voted to estab- 
lish the Engineers’ Council for Professional Develop- 
ment to carry out the program. 

A temporary organization of ECPD was formed by 
1932. Mr. Hirshfeld was 
selected interim chairman and C. E. Davies, 


seven societies on October 3, 
interim 
secretary. The interim Executive Committee was made 
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up of J. Vipond Davies, Donald F. Irvin, William E. 
Wickenden, Charles F. Scott, H. C. Parmelee, General 
Robert I. Rees, and D. B. Steinman, with the interim 
chairman and secretary. A Charter and Rules of Pro- 
cedure were completed on March 13, 1933, and referred 
to the participating bodies for ratification. 

Four standing committees were completely organized 
in May 1933. By the time of the first annual meeting, 
on October 10, 1933, six of the bodies had approved the 
Charter, and the seventh did so 10 days later. 

The 1933 Charter was short. It described ECPD as a 
co-operative conference of bodies representing the pro- 
fessional, technical, and legislative phases of education 
and practice, and greater solidarity of the profession. 
Its immediate objective was the development of a sys- 
tem whereby the progress of the young engineer toward 
professional standing could be recognized by the pub- 
lic, the profession, and the man himself. The 4-point 
program included 


the 


young men who have the necessary aptitude and ca- 


1. Means to assure entrance to profession by 


pat ity. 

2. Criteria for colleges of engineering to insure grad- 
uates a sound educational! foundation. 

3. Plans for the further development of graduates 

t+. Methods of met 


suitable standards 


recognizing engineers who have 


The Charter further provided that ECPD would ad- 
minister procedures approved by the boards of the par- 


ticipating societies, and stipulated that Charter changes 


require the approval of two thirds of the boards of the 


partic ipating societies 


LEADERSHIP 


ACHIEVEMENTS of 25 


visualized in 
Dur- 


Hershfeld provided calm 


THE years may be 


terms of the men who guided ECPD's progress. 
ing the formative vears, Mr 
leadership, inspired by his conviction of the importance 
of ECPD as an influence on 
Robert L. Sackett, then 
State College University 
on Student Selection and Guidance for 10 years. He was 
Karl T. 
the accrediting program its impetus, while S. C. Hollis- 
Harold Hazen 


voted attention to the critical problems arising out of 


future generations ot engt- 


neers dean of Pennsylvania 


now . chaired the Committee 


succeeded by Allen Cullimore Compton gave 


ter, Thorndike Saville, and gave de- 
specialization in engineering education. 

In later years, Harry Hammond laid the program tor 
accrediting technical institutes. 

Charles F. Scott—whose speech to the SPEE in 1922 
sparked the first investigation—served three years as 
Chairman of ECPD, and for six years was chairman of 
the Recognition Committee. J. P. H. Perry, chairman 
for two years, brought the point of view of the practic- 
ing engineer to the work of ECPD. During Mr. Perry's 
term, the Engineering Institute of Canada became a 
member body. Robert E. Doherty was chairman for 
three years during World War II. Other chairmen 


whose vision and influence have sustained ECPD are 
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Everett S. Lee, James W. Parker, Harry S. Rogers, L. F. 
Grant, and Thorndike Saville. 


SUMMARY 


‘THE CHARTER OF ECPD today, not different in princi- 
ple from the 1932 document, still incorporates the con- 
cept of a co-operative body with a unified program, 
1931 
plan for joint action. In 1951, the Charter was clarified, 


97 


much as stated by Wickenden in 1927 and in the 
made more specific, and a provision added to the pro- 
gram encouraging co-operation between practitioners, 
educators, and students to maintain high educational 
standards. 

In its 25 vears on a minimum annual budget, ECPD 
has made important progress as a co-operative organ- 
ization to administer the Wickenden ideal of a coherent 
unified program of continuous growth for the young 
engineer. The selection of entrants into engineering 
through the guidance program, stimulated by the pres- 
ent shortage, is being carried out on a national scale 
The both for the 


degree and the technical institutes are good, and the 


accreditation programs bachelor’s 
leaders of the programs are alert to the impact of pres- 


ent and future requirements. In post-college training, 


the 
soundness of the program which is now ready lor coun- 


two conclusive demonstrations have established 
try-wide extension. In the “Faith of the Engineer’ and 
the “Canons of Ethics,” ECPD has produced two splen- 
did documents and is busy putting them to useful pur- 
pose. ECPD has represented U.S. engineertng education 
in discussion with European educators with valuable 
results assured. ECPD took the lead in supporting a de- 
mand for a comprehensive study of the engineering 


pre »fession. 


CONCLUSION 


THIRTY YEARS AGO Wickenden charged the organized 
profession to organize the novitiate of the young engl- 
neer into a much more orderly and effective process. 
That the attempt to round out a professional discipline 
by setting up ECPD was the answer was established by 
Dr. David B. Steinman when he reported to the Na 
ot Boards ol 


iners in 1932 with the following words: “The 


Exam- 
Plan of 


the Engineers’ Council for Professional Development is 


tional Council State Engineering 


the most constructive and forward-looking program that 
has ever been presented for advancing the status and 
recognition of our profession.” 





Magnetic Core Event Counter for 
Farth Satellite Memory 


D.. #1. 


SCHAEFER 


ASSOCIATE MEMBER AIEE 


Micrometeorite bombardment of artificial earth 
satellites can be recorded through the use of 
counters. A description is given of the counter 
circuitry being developed to record this data. 


RTIFICIAL SATELLITES circling the earth are 
under bombardment by everything from cosmic 
rays to solar radiations to micrometeorites. Both 
atomic particle and micrometcorite hits can be recorded 
through the use of counters. The Lyman-alpha type 
States will 
microphones to sense micrometeorite impingements. 


United satellites be equipped with four 
The counter outputs will appear in three channels 


of the telemetered signal presenting three decimal digits 
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of the cumulated count. The frequency of the signals 
of fre- 
quency, in one channel, representing the number of 


transmitted will be indicative the count—the 


units; in another, the number of tens; and in a third, 
the The of the 
counter and its associated batteries for two weeks’ con- 


number of hundreds. total weight 
tinuous operation will be on the order of four ounces. 

A block diagram of the equipment for the micro- 
meteorite experiment is shown in Fig. 1. The pulse 
former takes the output of the transistor amplifier, 
which is a pulse of a few microseconds duration, and 


forms this into a very low impedance signal of constant 





D. H. Schaefer is with the Naval Research Laboratory, Washington, D. C. 
The author wishes to acknowledge the contributions of P 
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volt-second value of approximately one-tenth volt mag- 
nitude and one millisecond duration. This shaper con- 


sists of a magnetic core and transistors and can be 


described as the resetting circuit of the peak memory.’ 
The constant volt-second signals are then fed into the 
the counter. 


unit stage of This counter accepts nine 


pulses from the pulse former, increasing the frequency 











Fig. 1. Block diagram of micrometeorite experiment. 


of its output oscillator upon application of each suc- 
cessive pulse. Upon receipt of the tenth pulse, the oscil- 
lator output frequency returns to its initial value and 
simultaneously a constant volt-second pulse is fed into 


the tens counter. The tens counter is practically an 


identical unit and on its tenth count it delivers a volt- 


age pulse into the hundreds counter. 


MAGNETIC MEMORY 


THE BASIC ELEMENT of each counter is a square-loop 


nickel-iron core with a hole 


drilled in it, as 


has been termed 


magnet 


) 


shown in Fig. 2 


This core with its hole 


a “cyclops.”” The core material is of a high remanence 





Fig. 2. ““Cyclops"’ core. 


Such have the 
property of retaining their flux level even after the 
The 


purpose of the small hole and its associated windings is 


or square-loop type of material cores 


“setting’’ magnetomotive force has been removed. 
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to provide a nondestructive read-out of the flux level.’ 
When the windings in the small hole are wired as shown 
in Fig. 3, an oscillator is formed the oscillation frequency 
of which is a measure of the flux level of the core 
(Fig. 4). The curves indicated in Fig. 4 were made by 
first saturating the core in one direction and then ap- 
plying constant volt-second pulses to drive the core to 
the opposite saturation. The three curves show fre- 
quency count for three different values of oscillator cur- 
rent, this current being adjusted by changes of the 
that the first 
pulse applied introduces a very large frequency change. 


The explanation for this is that this pulse drives the 


variable resistor (Fig. 3). It can be seen 


core firmly out of its saturated condition. The following 





TOT RATIO 


Fig. 3. Read-ovt 
oscillator circuit. 


5002 


at 
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pulses pull the core further away from its initial satura- 


tion, the point of zero flux density appearing to be 


From there on, the fiux 


level increases as the core proceeds toward saturation in 


at about count 10. 


the opposite direction. At count 28 and 29, signals exist- 


ing in the circuit show that the knee of the hysteresis 
loop has been reached. 

Fig. 4 shows that it is impossible to use the complete 
hysteresis loop of a “cylops” core for counter purposes. 
If the entire loop is traversed in a counting cycle, 
counts and late ones. Furthermore, there is no 
quency indication at all of increasing counts when 
core is near zero flux level. These three curves also show 


that the most nearly linear region of the frequency vs 


{ 
count curve is the ascending portion of the curve is, 
therefore, necessary to set the core to a predetermined 
point on the ascending portion of the curve, and use the 
section of the curve between this point and saturation 
for counter purposes. It should be recalled that not only 
must a counter stage provide an unambiguous read-out 
of the count in the core, but also it must provide a volt- 
age pulse to the following stage and reset itself upon 
receipt of the tenth pulse. The operating sequence of a 
will be described in terms of the 


decimal counter 


hysteresis loop shown (Fig. 5). Arbitrarily, assume the 
flux level to be at point A. Fixed volt-second input 
pulses change the flux level toward negative saturation 
in fixed increments as shown. Associated with each such 


input pulse is a voltage kickback upon termination of 
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each input pulse Magnitude of this voltage kickback 
becomes greatly increased when pulses are applied alter 
reaching the knee of the hysteresis loop, and this in- 
creased kickback voltage initiates operation of the reset 
circuitry to return the flux level to positive saturation 
\t positive saturation, the reset circuit is disabled and 


a voltage kickback at saturation provides an initiating Fig. 5. Flux level se- 


quence in magnetic 








signal to a preset circuit which returns the flux to pel 
ounter. 


1 to start a new counting sequence. Voltage appearing 





* 





the core toward galive 


each pulse will tend to drive the ¢ 
saturation. The kickback produced when the voltage 


removed DY ari when the core is in 
saturated condition) is of a small value (Fig. 7a). As 
j 


enters negative saturation, the magnitude 


increases (Fig. 7 The nun 


ration kickback 


ide the bas« 
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Fig. 4. Read-out oscillator frequency vs number of input voltage pulses 


for a “cyclops” core 


yay) 
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icross an output winding during reset is used to ad 
vance the next stage one count. We will, theretore, first 
describe circuitry that will reset the core and provide a 
voltage pulse io a following stage This will be to1iowed 
by a description of preset circuitry needed to provide an 


unambiguous read-out. 


COUNTING AND RESET CIRCUITRY 


“ 


SQUARE LOOP CORES have previously been used in scaler 


applications The circuitry used to reset a core and 


simultaneously provide a voltage pulse to advance the 


next digit counter one count is shown in Fig. 6. To 


Fn 


understand the operation of this circuitry, first assume 
the core to be at point A (Fig. 5). Pulses are injected 
into both base and collector circuits of transistor A 
Fig. 6). The sense of the windings are so arranged that Fig. 6. Counting and reset circuits. 
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transistor into a conducting state. When this hap vibrator. Because of the amplitude discriminating abil- 


the collector circuit battery voltage appears across Un itv of the silicon diode in ser! vith winding B, only 
winding in the collector circuit. This voltage is, in turn the large positive kickback voltage generated upon re 
transtormed to the base windings which puts the moval of the reset voltage is accepted as a trigge! T his 
transistor even more fully into the conducting state and _ trigg gna! ipplied to the base of the input transistot 


holds it in this state even ter the initiating kickback I the multivibrator causing the output transistor 


voltage has disappeared he battery voltage 


output tran 
coupiing purpose s 
} 


rou ( 


; 


y v 


s KICKBACK 


Fig. 7. (a) First input pulse and associated kickback. (b) Tenth 


input pulse and kickbock 


[HE RESET CIRCUIT | ft th € at positive satura- 


i 


RESET 
KICKBACK 


tion. It 1s now nec t put a i n amount ot “pre 


set’ into the core betore cot g gins again, if un- 


% 
= 
he 





imbiguous frequency indication of counts are to be 


ivailable The circuitry to be described allows a fixed 


i 


ll 


urrent to preset the core to the proper flux level 
The trigger used to activate the current preset cir- 
uitrv is the positive kickback generated when the reset 


voltage is cut off as the core enters positive Saturation 


As can be seen, the magnitude of this kickback (Fig. 8 


is greater than the input pulses. The circuitry used to 


provide this current preset is shown in Fig. 9. The ci 


mentary transistor monostable mul Fig. 8. Reset voltage pulse and its kickback. 
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ture. Because of this, the amount of current set must be 


er & 


200000000000) <e 


increased as temperature increases. By replacing the re- 
sistors (Fig. 11) with thermistors, compensation can be 
provided so that the proper frequency range will be 


covered and every tenth count will reset the core. Tem- 
perature calibration must also be provided. Such a cali- 
bration is suitable for satellite use, as instrument com- 
partment temperature will be available as a telemetered 
quantity. 


CURRENT REOUIREMENTS 


CONTINUOUS BATTERY DRAIN is on the order of one 
milliampere for the complete three decimal digit mag 
netic counter system. When the cores are actually ac 





Fig. 9. Preset circuit. 


NAL FROM 
MATRIX 


TELEMETRY 





ATE 





Fig. 11. Oscillator compensation circuit 


cepung pulses, much greater current is drawn. The 
duty cycle for the larger drains is, however, negligible 


being one millisecond of drain for each count 


FLIGHT CIRCUITRY 


THE COUNTER CIRCUITRY to be actually flown embodies 
the principles reported In flight units, however, the 


preset circuitry of Fig. 9, along with the oscillator com- 


CY 


pensation circuit, is eliminated. Its functions are as 


sumed by a circuit consisting of one square loop mag- 





netic core and three transistors. The added core allows 


FREQUEN 


the cyclops to reset only to point A of Fig. 5. Its opera- 
tion also places a tenth pulse on the cyclops core of 
larger magnitude than the preceding nine, insuring 
tenth pulse reset in spite of environmental changes of 
the cve lops core. 

The equipment is capable of counting pulses arriving 
at rates in excess of 100 pulses per second. 
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Economic Aspects of the Residential Heat Pump 


C. W. BARY 
FELLOW AIEF 





N “ALL-ELECTRIC HOME” cannot be attained FULL USE COOLING 
A without electricity providing comfort through heat- ENTIRE 
ing and cooling. The economic attainment of this goal is 
feasible through development of the heat pump. This 
will be a different load, in its magnitude and character- 
istics, from the load electric utilities were acquiring in 
the past 

Costs per kilowatt-hour increase rapidly with a 


decrease in annual load factor. For example, if the cost 


KWH 


per kilowatt-hour of the “demand” and “energy” com- 


ponents are 100°, at a 45°, diversified annual load fac- 


NVERSIFIED MAX. KW 


tor, then they approximate 135°; at a 30% load factor, 


C 


190°, at a 20° load factor, and 690° at a 5%, load 


ANNUAL 





tactor 

Fig. | de picts the load characteristics of three types ol 
heat pumps using outdoor air as a heat source or sink, 
for an average size home having a 55,000 Btu per hour 
heat loss, as well as the characteristics of cooling and of 


full use, the latter comprising lighting, miscellaneous 


LOAD FACTOR-% 





small uses, and such major appliances as refrigerator, 
range, dryer, washing machine, and water heater, the 
latter operating under time control with a 1714-hour Fig. 1. Annual kilewott-hour, kilewett, end lead factor 
charging period. These characteristics apply to condi 
tions of Philadelphia's metropolitan area 

The full-use home provides a 60°, diversified annual application 
load factor. For heat pumps operating with fixed home- summer valley of the residential load curve 


thermostat settings, load factors vary from 23° for those the highest, at 5 cost units, is for heat pum 


with resistors to 33°, for those with heat storage. But  sistors when customers employ the practice of setting 


when they operate with night setback, load factors de back the home thermostats for the night. Without 


teriorate to levels below v0 except for the heat pump night setback, the cost for such a heat pump Is 9 


with heat storage which remains at 33' The diversified units 


annual load factor of cooling is less than 5 With the possible wide variation in 


For illustration. it has been assumed that the 100 various heat pumps, and cooling and 


point ol the aforementioned cost re¢ lationship Is two cost home, ne approaches, new methods, 
units per kilowatt-hour, which relates to the average are needed to solve successfully the econon 
price of end-blocks of residential rates in cities over 500 loads. One solution lies in intensifying 
000 population east of the Mississippi River; and further velopn th < mp to imp 
lat it is compensatory for all additional uncontrolled ance factor and load factor; the 


al electricity uses which provide a diversified - only through supplementary 


annual load factor of 45‘ Under these assumptions lutio n be found in 


the following relative costs per kilowatt-hour are ob- 


tained 


cost units, is for the heat pump 

It applies over the entire range of unconventional 
possible saturation, 1s independent of customers’ pra for residential cusfo1 
tices in regard to home-thermostat settings days and mined amount 


nights. The highest, at 15 cost units, is for the cooling mined on 
load alone beyond the relatively small saturation of this 
electricity in th ne. This woul 


tunitv of making the cooling load carry its share of costs 


thus enabling the he ating load of the heat 


d provide an 


cially with heat Storage, to enjoy much lower increme1 
rate than under the conventional “block-energy” tvpe 


ot rate structures 
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Objectives and Trends in 
Feedback Control Systems Progress 


HAROLD CHESTNUT 
MEMBER AIEE 


Future progress in control systems design will 

include such activities as data processing, 

energy controlling, computation, and _ instru- 

mentation. Control system reliability and higher 

quality production are also included as general 
objectives. 


T THE 1957 SUMMER GENERAL MEETING 
of the AIEE the 
mittee sponsored a panel discussion on “Objec- 
and Trends in Feedback Control Systems 
gress.”” Panel Prof. G. S. 
head, Department of Electrical Engineering, Massachu- 
setts Institute of Technology; Prof. D. P. Eckman, De- 
partment of Mechanical Engineering, Case 


Feedback Control Systems Com- 
tives Pro- 


members included Brown, 


Institute of 
‘Technology; Dr. E. M. Grabbe, Computer Systems Divi- 
sion, The Ramo-Wooldridge Corp.; Dr. S$. W. Herwold 
to.: 
Depart- 


manager, Air Arm Division, Westinghouse Electric 
O. E. Orbom, 


ment, Allegheny Ludlum Steel Company; and Harry 


manager, Electromechanisms 


Palmer, manager of engineering, Specialty Control De- 
(GE). Harold 
Chestnut, General Engineering Laboratory, GE, served 


partment, General Electric Company 


as moderator. Although none of the panel members 
would admit to having a clear, crystal-ball picture of 
the future of this field, each was most willing to extra- 
polate into the years ahead based on his own personal 
experience. 

The 


trends. Foremost in this is the need for broadening the 


discussion revealed a number of. significant 
concept of feedback control to include a large number 
of activities such as data processing, energy controlling, 
computation, and instrumentation, all of which have a 
stake in feedback control but which at present tend to 
be segregated by the limits of the technical societies’ 
structure. Ways must be found for discussing compre- 
hensive control systems and for bringing about a com- 
mon control language between peoples engaged in these 
different aspects of the common control problem. Trends 
toward more widespread use of digital controls and the 
inclusion of computers, both digital and analog, into 
controls were noted. Objectives of better quality pro- 
duction; i.e., higher performance and greater systems 
reliability to achieve reduced over-all costs were stressed. 
A better knowledge of the characteristics of the con- 
trolled system is being sought although it was felt that 
lack of complete knowledge of the system need not 
prevent important control from 


objectives being 


achieved. 
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SYSTEMS CONCEPT MUST BE BROADENED 


Dr. BROWN STARTED THE DISCUsStONS by pointing out 
that the present concept ot feedback control systems 
has expanded greatly from the simple position controls 
that were the concern of servomechanism and regulating 
system designers who joined forces in 1947 to torm the 
AIEE Feedback Control Systems Committee 


solve the problems of stability and performance of 


In order to 


these single closed loop controls, emphasis was placed 


on the use of mathematical models. Untortunately, 


there has been a tendency for us to continue to concern 


ourselves with the mathematical model of the system. 


The trend in the future must be more in the direction 
of coming to grips with the new hardware that ts avail 
able to control systems and with the broader 


This 


be our guide as professional people who are in a posi- 


conce pos 


of control that are necessary. trend then should 
tion very near the heart of an applied technology that 
is sO important to the success of the modern society in 
which we live. 

Within the professional society, we have the oppor- 
tunity to break through into new areas by recognizing 
that control is not the proprietary property of the elec- 
trical, the mechanical, the hydraulic, or the civil engi- 


neers, that the mathematical model is not the sacred 
cow, and that computation, data processing, and sens- 
ing or measuring are all an integrated professional activ- 
ity. We need to adapt our minds to bring all this out 
into the open and to make this a very challenging and 
exciting adventure. We who are working with feedback 
control systems must find a way to open-end this activ- 
ity so that we can come to grips with these more chal- 
lenging systems problems that are not a respector of a 
specialized vocational area of activity 

As evidence of this trend toward a greater interde- 
pendence of the power and the control aspects of an 
industry, Dr. Brown cited a comment by a colleague of 
his to the effect that 20 years ago about 3°; of the dollar 
cost of a machine tool was control] equipment and this 
was comprised largely of an electric motor and a push- 
button. At the present time, about 30°, of the dollar 
cost of the machine tool is often represented in control, 
and some companies are currently bidding on machine 
the which 


tools for future in 


an amount as high as 
60 to 80% of the dollar cost of the entire product is 


control. 





Harold Chestnut is chairman, AIEE Feedback Control Systems Committee, 


and is with the General Electric Company, Schenectady, New York 
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Apparently industry in its organization and thinking 
is not adhering to the limited concept of feedback con- 
trol systems. It is time that our technical society activity 
refiected the broader control systems concept. What we 
probably should do is reconstitute the Feedback Con- 
trol Systems Committee as a new activity under the 
broad topic of Automata. 


OBJECTIVES AND TRENDS 


User's Viewpoint. Considering feedback control sys- 


tems from the viewpoint of a representative of the 


heavy steel industry, Mr. Orbom of Allegheny Ludlum, 
stated that the objectives and trends of feedback control 


systems are dictated by very strong economic forces 


which require a better product at an acceptable cost. 
As costs mainly are influenced by wages and by pro- 
ductivity, productivity today is pretty much a matter of 
quality. Therefore, one of the end objectives of feedback 
control systems in a very practical sense must be better 
quality 

An important trend in achieving better quality is a 
concept worked out by several groups of a common lan- 
guage communication network such as by the medium 
of an IBM card, Remington Rand card, FLEXOWRITER, 
similar vehicle 


or some This should permit a complet 


manufacturing process to be handled in a uniform 


fashion. It should permit one to perform automatically 
the necessary paper work that accompanies an order for 


a particular product. It should permit the automatic 


setup of the machine and should insert the necessary 


reference points to the controls. It should also produce 
then, can be 


a record of the production. This record 


passed 
and also to produce the necessary input cards to set up 


the 


on to quality control personne] for evaluation 


necessary equipment to be used in the next stage 


of process. In other words, heavy industry believes that 
I 

between the data handling systems 
the 


This intimate rela- 


a very close alliance 


and the machine control system is necessary for 
success of better quality products 
tionship between data handling and machine control 
strengthens the use of digital techniques. With digital 
data, compatible information is available for both pur- 
poses and is in a form that makes it usable in standard 
equipme nt 

Ihe use of more comprehensive control systems is 
placing increasing emphasis on the need for improved 
transducers and sensors. New ways for determining on- 
line what is happening in a controlled process are urg- 
ently needed so that control action can be initiated to 
maintain within control tolerances the material being 
produced. The present way of using quality control after 
the fact to establish whether or not a product is ac- 
ceptable is time consuming and expensive. 

Systems work seems to be further along than the 
sensors. Along this line, the need for self-checking fea- 
tures within the control system is highly important. 
More and more, the position of the man in the control 
system loop is that of supplying the initial input and 


performing a monitoring and checking function in an 
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over-all fashion. The control equipment should do a 
great deal of its own precise checking. 

Reliability of control systems is of paramount con- 
cern to heavy industrial users. These users are not par- 
ticularly concerned about the size or weight of the con- 
trollers as opposed to aircraft or missile control systems. 
Industry does not care whether equipment weighs a 
thousand pounds or a hundred pounds. All industry 
wants is to be sure that the reference points inserted in 
the equipment are reliable, that the fundamental meas- 
urements from the primary pickups are reliable, that 
the operation of the controlled system is reliable, and 
that the analysis of the problem is correct. 


Military Equipment Supplier. One of the problems of 


the military, as indicated by Dr. Herwald, is that it ts 
plagued by having too many people designing its sys- 
tems and not enough people who know how to put hard- 
ware together. There seems to be a tendency for the 
military to get over-involved in the analysis of paper 
systems. We have got to get away from paper systems 
and get to real equipment that does the job Somebody 
who understands the system has actually got to get down 
to the hard dirty work of making it operate properly. 
We must get away from the fellow who always has a 
system that works on paper but not one that ever works 
in tact. 

In Dr. Herwald’s opinion, the military applications 
have led the parade and, as far as he can see, will con- 
tinue to lead the parade in the application of feedback 
theory 


skills 


ical 


The military projects call for all the technical 


It is hard to tell in a missile where the mechan 


engineering starts and the electrical engineering 


leaves off or where the chemists or metallurgists take 
over. You generally have a good mixture of people with 
at least a broad enough background so that they do not 
resort to saying “It’s out of my territory.” 

One of the biggest single things that is going on in 
the military program is the extension of the space co- 
ordinates in which feedback is being employed. We are 
trving to get information back over long and difhcult 
lines of communications; for example, from missiles in 
flight hundreds and perhaps thousands of miles away. 
We would like to control where these missiles will fall. 
This is a feedback problem of a broad scope. 

Complicating the situation is the fact that if one 
wants information over a much longer feedback loop, 
one also shortens the time available in which to get this 
information. This generates some real problems; as, for 
example, in a radar early warning network where high- 
speed targets must be detected, identified, and an ap- 
propriate action taken in a matter of minutes if not 
seconds. 

Another thing that stands out from a military point 
of view is the problem of working with extremely noisy 
signals. Here again we fit into the digital data pattern 
because one can no longer sample data and decide by 
looking at it visually that this is good data and this is 
noise. It must be done statistically and it appears to 


Dr. Herwald that the best answer can be obtained by 
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solving the problem on a statistical digital basis. The 
thing, of course, that confuses the issue even further is 
that the enemy is always trying to make the data nois- 
ier via counter-measure techniques. 

Another trend in the military is the general tendency 
to reduce the effect of the human operator anywhere 
inside the loop. Dr. Herwald would not go so far as to 
say we want to eliminate the human operator, but cer- 
tainly the trend is to make the human operator a mon- 
itor rather than a man in the loop who has to do some- 
thing. He is in a position where, if he does nothing, the 
operation proceeds automatically as planned. 

A condition that is becoming critical is the paradox 
between the desire to perform more complex tasks in a 
tougher environment, but with a considerably greater 
degree of reliability, and a further reduction in size and 
weight. This, of course, results in the need for the im- 
proved components and technique that we are always 
talking about. Somebody has to make the hardware 
better, cheaper, and more reliable while someone else 
is making the system bigger and more complex. Only in 
this way will the increase in system complexity be tol- 
erable from a cost and reliability point of view. Solid- 
state devices such as diodes, transistors and ferrites, and 
magnetic type devices such as magnetic amplifiers are 
being used effectively to help meet these needs. 

The reliability problem goes hand in hand with the 
complexity problem. The average airframe of a few 
years ago used to have 5% control equipment whereas 
the average airframe of today has something above 50%. 
If one gets into the actual facts of per-unit reliability, 
we are so far ahead today that it is hard to believe the 
statistics. The problem is that we are getting complex 
faster than we are becoming more reliable. The tech- 
niques to find out where we stand reliabilitywise are 
very much sharpened in the military area. Almost every- 
one in it is really taking a scientific approach to the 
problem and beginning to come up with the significant 
things that affect reliability. This is just about where 
this the kind of 
that affect reliability do not turn out to be the big broad 


discussion started because things 
approach to the system. Rather, it is putting the fila- 
ments in the right place within a tube, not just putting 
them in. When one adds up all of the many little items 
such as this which are not designed with the utmost 
care, the system does not have the high reliability that 
was thought to be designed into it originally. 

Last, but not least, in the area of military problems 
is the trend of going more and more toward automatic 
checking, both in the plant and in the field. As the 
equipment gets more complex, one just does not put 
in a voltmeter and say it reads 10 volts and therefore is 
okay. Some subtle checking must be done which gets 
into the area where one wants to program his check 
and to read and record his answer to it. This goes hand 
in hand also with what one is trying to do in the man- 
ufacture of the products. In the military, quantities are 
not huge and it is essential that the checking process 
be simply programmed and flexible. Ideally, the change 
in requirements should be capable of being handled 
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merely by the replacement of one punched card or the 
like by another which can be simply and quickly pre- 
pared. This same progress of programmed instructions 
is one which lends itself to the original design and fab- 
rication of parts, a trend which is under way but further 
in the future. 


Control Systems Manufacturer. Mr. Palmer empha- 
sized the point made by a number of the other speak- 
ers that feedback control of industrial systems basically 
is a systems problem. The control systems engineer, to 
do a satisfactory design job, therefore needs complete 
information on all of the components of this system 
even though he may have manufacturing responsibility 
for a very small part physically of its hardware. A con- 
trol systems engineer must make sure that all the com- 
ponents used are compatible with each other. The use 
of some standard control components may require con- 
ception and invention of modifying equipment that 
negates all the advantages that originally were gained 
by using standard parts. In the power actuation portion 
of the control it is fairly easy to get the dynamic infor- 
mation required. However, it is very often difficult to 
get information on the transducers or feedback elements. 
These problems are not necessarily associated with the 
characteristics of the transducers themselves, but rather 
This 


may involve transportation lags because they are meas- 


their characteristics as they are used in the system. 
uring a function remote from the point of correction 
or because of the slowness of response of the process 
after corrections have been initiated 

Many times the fundamental problem is one of sim- 
ply not having proper transducers because the instru- 
mentation for control needs to be far more accurate 
than has previously been needed. In addition, there is 
a greater need for a transducer that measures the funda- 
mental quality being controlled. Should we measure 
pressure, flow, and temperature or should we use a mass 
spectrometer or some such item to see whether our 
product is really right rather than try to determine its 
quality in an indirect fashion? 

From the industrial control manufacturers’ point of 
view it is extremely difficult to get data on the machine 
or process that he is controlling. Basically, there is a 
need for more fundamental type information than was 
needed ever before to build manual control. Knowledge 
of friction, backlash, wind-up, vibration, and resonances 
are al] required to unite effectively the control and 
the machine. Many times it is necessary to change the 
philosophies of the process completely if one is to in- 
troduce automatic control. Mr. Palmer is sure that these 
will change as new requirements are pointed out and 
recognized by the industries involved. 

The current trend is to design machines with the 
characteristics of the control in mind. Mechanical de- 


signers are now out in industry who have had training 


in control and are coming up with basic machine de- 


signs that are compatible with the needs and capabilities 
of control There 
strides in this area by some machinery 


systems. have been rather marked 


manufacturers 
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during the past year because of the fairly large armed 
services procurement program. This program has caused 
machinery manufacturers to face the problem of build- 
ing a number of new machines to operate with auto- 
The that 


spend some time on the problem have made remarkable 


matic control. firms have had a chance to 


progress. For this reason, Mr. Palmer believes that these 
machines can be controlled as fast as even the hardened 
tools can cut metal. It is hoped that other industries will 
see and recognize the need of changing their practices 
in order to take full advantage of the economies pos- 


sible with automatic control. 


The one remaining thing is the matter of reliability 
If any automatic control system is to be accepted by 


modern industry, it must be reliable. It has to be reli- 


able with regard to the components used as well as the 
basic engineering approach. Component reliability must 


be evaluated very carefully. First, the safety factor pro- 


vided under ideal environmental conditions must be 


very carefully considered. Second, the ability to pertorm 


under the environmental conditions imposed by in- 


dustry must be factored in. The operation of a com- 


puter in a factory is certainly operating under different 
conditions from that in a business ofhce. Reliability in 
each case is important, but the design requirements on 
the equipment will probably difter. 


Process Control Viewpoint. Dr. Eckman 


the objective ol feedback controls systems [tor process 


stated that 


control l help produce a product at an a 
T he feedback 


trol system consisting of a single 


ceptable cost concept ot a con 


variable being held to 


a fixed reference value or to some sort of path or com 


secondary value to the process 


and limited 
Mainly 


. . 
trol are to control a s\ 


mand is of 


control enginee the problems of process con- 


to produce 


i 


to do this in some reason- 


stem i product or 


more than one product and 
ably economical! or opumum mannet 

Many years ago in process control, and even today 
to a considerable extent the control problems were 
solved by a simple application of a number of individual 
controllers reading from variables at different points in 


Take 


system with a thousand independent variables, for ex- 


the system, say as many as a thousand such a 


ample, and control each with a separate controller to 
Now, if the de- 
signers of this system had chosen the proper variables 


and the controls were applied properly, 


hold all of these variables constant 


then, of course, 
Then 


produces the products it was 


the system is maintained in the steady state 


under that condition, it 


supposed to produce, provided the design is correct 


but this is not adequate, as time has proved, and the 


trend today is to give some consideration to dynami 


design. Dynamic design is the problem of having a sys- 
tem with n degrees of freedom and of employing a con- 


trol system which will control enough of those degrees 


of freedom to give an adequate product. [his is not as 


easy as it might seem and is the problem that today’s 


control engineer has yet to maste1 


The trend toward dynamic control has served to 
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bring out into the open the real problem ot process 


control; namely, to control a system knowing only a 


system's be- 


partial description of the system. If the 
havior is known, including its commands, disturbances, 


loads, starting functions, and inherent transfer char- 


acteristics, then the work involved in establishing its 


performance ts fairly well defined. However, with only 
part of this information available, the process « yntro} 
designer must come up with the best approximation to 


the system equation that he can make Although a 


long-range objective in this area of process control is 
certainly to get increased knowldge of the dynamics of 
the processes being controlled, at present it is necessal 
to work with meager relationships. 


To compensate for the lack of knowledgs of the 
I 


svVS- 
tem’s behavior, the use of computers is being tried in 
conjunction with the control. With computer control 


the best equation for the process and its control is as- 


} 


sumed. The computer then predicts what should be 


cone for the system to produce the desired end 


and applies this computed value of behavior 


} 


sampling techniques during the operation of the 


the proc ess behavior can be compared to the pred ted 


behavior and the computer is then corrected for the 


control equation on the basis of the observed discrep- 
ancies. The method of sampling, computing, controlling, 
and correcting continues throughout the duration of 
the process control 

At Case Institute a specific 


process control wa built 
and operated on the prin¢ iple described. They were able 
to decrease the impurities of the produce from 10°. down 
to a fraction of | which is the best the equipment can 
do anyway. In addition to improving the quality 


product, it is possibie to assure that if the 
operating, it is operating at the maximum 
i.e., the maximum yield per unit of time 

Ihis is done by writing the equations for the condi- 
tions of an optimum control path and putting these 


The 
put 


equations into the computer. information on 


system periormance is then into the com: 


which resets variables of the system and controls 


to optimum behavior. In this way, at Case they 


able to cut the time for a batch from 


? 


hours to about 214 hours. That is nearly h 


processing time or, in other words, doubling the 
ductivity with the same piece of apparatus. This 


toward computer control has opened a great me 


in the control of systems and in the control of processes. 
There 


are considerable advantages to be gained in de 
kind 


formance that is wanted. For example, recently 


signing systems behavior to produce the 


has been a great trend in chemical and petroleum proc- 


essing to reduce storage and surge elements. In this 


way, a tank is eliminated that is used to store the 
vessel and another vessel. This storage 


is used because it smooths out the 


uct between one 
random disturbance 
from a previous system or the specific variations from 
some previous operations and gives a smooth input to a 
following system. Enough confidence in control has been 


gained and enough system analysis has been performed 
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to eliminate storage in one refinery that would save 


over $1.5 million just in storage alone. 

(nother tactor in process control that is important to 
feedback control engineers, is that in chemical proc- 
essing only very infrequently will one know what the 
system is doing. That is, the exact description of the 
behavior of the system is not known. It can be obtained 
sometimes by analysis but often this fails because the 
system behavior cannot be described by equations that 
are linear or are under equilibrium thermodynami 
situations. Therefore, analysis is very often inadequate. 
One can obtain the knowledge of the variables by cor- 
relation technique. Some very interesting work has been 
done in this area by Goodman and Reswick, and 
great steps are still possible here. 

Another problem in process control is that the tech- 


niques ot frequency response measurements (harmon 


methods) are not always adequate Processing systems 


are often so very slow that harmonic testing is ex- 


pensive. Pulse techniques and system sampling need to 
be considered, studied, and thoroughly de ve loped 

(hese then are the major trends in the field of proc- 
The consideration of: (1 behavior 


ess control. system 


with over-all multivariable problems predominant, (2 
computer control tor either static or dynamic problems 
(3) redesign of processes to achieve better control, and 
(4) the determination of methods of obtaining and de- 
scribing process behavior. 

In addition, there are minor trends that are no- 
The 


tronics in process control. This trend is not merely small 


some 


ticeable, too. first of these is toward the use of elec 


or significant, it is almost explosive. The tremendous 


increase in analytical methods using electrical tech 


niques, and in electronic transmitters and controllers, 
and in other electronic hardware is becoming verv evi 


dent. The 


pre sent 


basic fact is that electronic controls at the 


time are very closely associated in price with 


the cost of pneumatic controls and within a small per- 


centage factor can actually meet the cost of this other 


method of control. It appears that there may be almost 


universal use of electronic controls in the future 


Next, the problems in process controls almost always 


involve nonlinear systems. Very often these systems are 


not just partially nonlinear, but they are essentially 


nonlinear. Chemical reactions are ones which involve 


the rate of change of a composition, This in turn is 


proportional to pressure toa powel! and also to an ex- 
ponential power of the inverse temperature. Thus, the 


{ 


behavior of the system is essentially nonlinear and can- 


not be made linear by the usual series of other linear- 


izing techniques. Much study needs to be put on the 
particular kinetic reactions and how they should be 


handled feedback 
The last point Prof 


with systems. 


Eckman made was the continu 


ing trend in the direction of increasing use of analytical 


measurements rather than in the simple intensive 


variable measurements such as pressure and tempera- 


ture 


Analytical techniques of infra-red spectroscopy and 


chromatography, for example, have practically revolu 


tionized many of the measurements In) process control 
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and permit the determination of the composition of 
substances to a high order of accuracy, even to very 
small fractions. The use of analytical means and sample 


data has taken a tremendous increase. 


Digital Computer Viewpoint. Dr. Grabbe stated that 
the use of digital computers for process control holds 
the promise of increasing production, improving qual- 
ity, and reducing cost by optimizing many present day 
The 
controllers involving feedback with an 


major advance 


manutacturing processes. typical plant of today 
uses automat 
operator making adjustments This is a 
ment over manual control. The next large step will be 
the application of the digital computer to assist the op- 
The 


use of computers is sure to change radic; lly the design 


erator and provide completely automatic control 


of future plants and provide spectact 


production. 


Although analog computers are being used in 


industrial process control applications with beneficial 


more to offer for 


results, digital computers have much 
they represent tools of greater flexibility and versatility 


They have been used effectively in military control svs 


} 


tems. The digital computer has a high speed 
storage capacity stored 


All of these 


loday the 


tation, large 


proegral 


abilitv to make decisions hit verv n 


automatic feedback control operator stores 


in his memory and on charts certain rules for 


optim 


ing and operating a process based on desig 


n and oper 


ing experience. On the basis of these rules 


periences, he make decisions in 


With 


rules for operation not only are stored in the 


must 


controls. contro] 


a computer in the 


but also may be corrected 


automatically tor optimu 


control consistent 


Adjustments will be made in a 


reliable fashion, and fine details will be included 


which the operator could not normally attend. Start 


shutdown, and actions can readils 


dled 


We are on the threshold of 


emergency 


industrial 


computers for control. It is necessary t 


feedback 


because 


clearly their value in control 


gain experience, many benefits wil 


prac tical usage. While there has been a gre: 


and not much action, there are indications of major 


vances in the art, soon to come. Companies which a fev 


years ago commented that compute! control was fine 

20 years from now, have assigned topnotch engineers to 
study the problem. Digital data logging equipment is 
available 


which does some computing. A number of 


have been carried out on con 


( Ast 


experiments 

trol. One of 

Institute 
The 


last few vears, 


compute! 
the most noteworthy of these 
Prof. Eckman. 


Ramo-Wooldridge Corporation has 


was at 


under the direction of 


over the 


carried out a number of systems studies 


directed toward the use of computers for industrial 


process control. These systems studies were aimed at 


understanding the dynamics of the process, determin 


ing control equations for optimizing control, finding 


suitable wavs of measuring important process variables, 
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insuring that the resulting computer control system will 
be fail 


control of the process. Such studies are not simple and 


safe, and evaluating the economics of computer 


are time-consuming. It is important to note that in order 
to establish control equations, not all of the details of 
the process need be known. If the approximate behavior 


j 


can be described, the computer itself can be used to ad 


just the equation for optimum operation. Usually, both 


new instrumentation and some invention in designing a 
control system are also required 


Ramo-Wooldridge 


computer has been desi 


As a result of the studies a digital 


ned that will be appli able t 


pa 


y 


wide variety of industrial process control problems. This 


computer is no being constructed and will be an- 
nounced in the near future. Dr. Grabbe described how 
hey arrived at its char LeETIStics 

The first decision was that a general-purpose ma- 


chine was desirable inasmuch as this can best take over 
the job of the operator. It can be programmed for dif- 
icrent processes and can isily shift from controlling 
one process to controlling anothe1 

2. The storage capacity was set by studying tvpica 
problems in the process industry, such as cement manu- 
facture and chemical and petroleum processing 





as 


meet present and future requiren 


more tunctions than are pres- 


icipation ol pertorming 


ently required and speeding up operations 





t. The input and output were designed to accom 
date a large number of input variable and output 
control signals, depending on the ipplication Instru- 
ent readings were converted to digital numbers. Pro 


intormation or 


vision 


; , OY ] 7 
is also made for inual input ol 











typewriter print-out so that the computer can also be 
’ 


used as a data logge! 





5. Last and of great in 


portance 


be highly reliable 


its have not been designed for 


While present-day pla 


that many ol 


an employ digital computer control with consid 
likely to be 


inputs 


computer control, system studies show 


them ¢ 


erable economic benefits. This is true for 


processes in which material varv, a variety of 


products are produced, there are strong interactions 


between process variables, changes occur within th 


process such as catalyst deterioration, or when avail- 


ible control techniques do not provide stable control 
he computer must pay its way and should simplify 
For 


must be 


plant operation—not complicate it. initial installa- 


tions, conventional instrumentation retained 
Computer contro] is a revolutionary step and will re- 
quire a thorough systems analysis for each application 
Hence 


portant and this may turn out to be the bottleneck in 


systems engineering will become increasingly im 


expanding the application of computer control systems 


Gazing farther into the future, we can see the dav 


when plants will be designed of such speed and com- 
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plexity that they could not be controlled by present-day 


instrumentation and computer control would be neces 
sary 
CONCLUSION 
\ STIMULATING DISCUSSION PERIOD followed the pres 


entation by panel members. A number of new subjects 


were discussed and additional facets of the topl S origi 


nally discussed were mentioned. 


strong ce! 


Throughout the discussion, there ran a 


tral theme of a broadened control system concept in 


volving the data processing, computing, control hard 


ware, as well as the mathematical approa¢ h to control as 


being the major objective for feedback control systems 


progress Control system reliability and higher qualit 
production were other objectives mentioned for futur 


progress in control systems design. Strong trends were 


noted in the direction of digital controls and controls 


‘ , 
ms 


involving highly nonlinear systen 





















Despite the presence of a modern rural substation 
these cows graze contentedly in a pasture near Cor 
nelius, N-¢ The 2,.500-kva substation, owned by the 


CEM( 


re petitive 


Cornelius Electric Membership Corporation 
is equipped with four General Electric RM 
manufacture) medium transformers. Each of the single- 
phase, liquid-filled, air-cooled units—one of which is 
available for emergency stand-by service—is rated at 835 


kva. The 


to meet the rapidly rising power demands of an ex 


Cornelius REC installed the new substation 


panding service area which now includes 2,700 electric 
Like REC’s 
Cornelius Membership Corporation has 


many other electric utilities and 


Electric 


meters. 
the 
turned to economical standard design transformers for 


the solution to expansion problems. 
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Coupling Methods for Power Line Carrier Systems 


D. E JONES 
ASSOCIATE MEMBER AIEE 


ghee LINE carrier channels used for voice com- 
munication normally 


prov ide adequate perform- 


Phe 


protective 


ance use of carrier in telemetering, control and 


applications, however, increases the require- 


ments for reliability and immunity to interference. 


Both these factors may be affected by the method used 


to couple the carrier signal to and from the power line 


It is the purpose of this paper to compare line-to- 


ground and line-to-line coupling with respect to inter- 
ference susceptibility and over-all channel attenuation 


It has been stated that line-to-line carrier transmis- 


sion 1s less suscepubl to interference than line-to- 


ground. A series of tests were carried out recently to 


Lint A Toe GRound 


Liwé A To Liwé “B 


Fig. 1 


{A) corona noise; (B) disconnect switch noise; (C) lightning noise 


Interference with line-to-line and line-to-ground carrier coupling: 


compare the susceptibility of both coupling methods 


to three 


forms of interference. Fig. | shows simultaneous 


records of the effects of these three forms of 


interter- 


ence on two receivers, one connected line-to-ground 


and the other line-to-line. 


Fig. 1A shows noise due to corona. Peak noise volt- 


Che 


value of the noise voltage, however, is 2 db greater in 


ages are about the same in both cases. average 


the line-to-line case. This is caused by the fact that the 
line-to-line connection picks up two corona bursts per 
cycle as compared to one burst per cycle with line-to- 
ground coupling. 


64 


Jones, Waddington—Coupling Methods 


P. W. WADDINGTON 
ASSOCIATE MEMBER AIEF 


Fig. 1B shows the effect of the operation of a discon 
nect switch about 200 feet from the carrier coupling 
capacitors. Noise pe aks as great as 400 volts occur in 
spite of the intervening wave traps. This noise affects 
both systems equally 
Disturbances from lightning, 


iH, wert 


the trans 


shown in Fig. 


recorded while a storm was in progress ove! 


mission line 20 miles away. On the average, the line-to- 


line connection picked up 6 db less 


noise than the line 


to-ground. 
Thus, significant reduction in noise pick-up with line 


to-line coupling was observed only with respect 


lightning discharges. 
} 


to-ground 


The 


agated between the coupling phase conductor and the 


Chevallier has shown that a line 


signal m 


be broken up into two components first 
| I 


prop 


other two conductors in parallel, and is attenuated 
The 
j 


conductors 


the same rate as a line-to-line coupled signal 


ond is propagated three 


the 


parallel and ground, and is attenuated 


be tween 
about 1U0 tim 


as rapidly. Thus, for a line longer than 50 miles, th 


second component may be neglected at the receiving 


terminal, and represents a fixed loss regardless of line 


le ngth or 


of 2.5 to 5 db for this additional line-to-ground atte! 


frequency. Chevallier states 


tvpical 
I 


ation. Taking into account additional coupling capac 


itor losses, line-to-line coupling, therefor 


provides a 


4 db 


decrease in overall attenuation of only about | to 


CONCLUSION 


THE RESULTS of the interference tests show little 


vantage for line-to-line coupling except with respect t 


elimination of interference from lightning discharg 


es 


Lightning interference, however, is seldom a serious 
problem except where signal! strengths are 


The 


advantage for line-to-line coupling 


exceptionalls 


low analvsis of attenuation shows only a 


Thus 


no vTeat 


mino) 
considering 
only 


interference and attenuation 


idvantage 
for the more expensive line-to-line coupling is seen 
Interference 


the 


to other carrier systems due to radiation 


from line may be gh powe) 


a problem where high 
carrier transmitters are used European practice favors 
line-to-line coupling in such cases to minimize radia 
tion. Service reliability is also important. Single phase 
faults should produce less carrier attenuation with line- 


to-line coupling. These two factors require further 


study before a complete comparison of the two coupling 


methods can be made 
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N ALL COMMONLY USED SYSTEMS of oil pres 


| 


ervation tor powe! transformers, the oil surface is 
exposed to a gas, either air as with a conservator system 
or nitrogen if the automatic-gas-seal system is used. 


Where a gas and a liquid are in such contact, some of 
the gas dissolves into the liquid, the quantity depend- 
the kind of v: 
The 


line 


as and liquid and their tempera- 


solubility of nitrogen in 


ing upon 


ture and pressure trans- 


former oil increases arly with both pressure and 


temperature over the re narrow ranges encoun- 
t 


tered in transformer operation 

If a closed system of transformer oil blanketed by 
nitrogen is given time to reach equilibrium at an ele- 
vated pressure, and if the pressure is then released 
without the oil being disturbed, the nitrogen will re- 
main in the o hich is then said to be in a supersat- 
urated state. If sufficient time is allowed, the over- 
abundance of nitrogen will diffuse out of the oil in an 
orderly fashion until the system has restored itself to 


equilibrium c ivironment. If, 
howe 


IS If} 





from th 


bubbling 


Genera! | tric forced-oil forced-air unit cooler, stand- 
ird iuto itic-gas-scali eq lipl I oO sets ot electrodes 
mounted under the oil in the tank, and miscellaneous 
devices for controllin measurin ind recording the 
nitrogen content and temperature of the oil and the 


nitrogen 


ry! iT 
pressur©re 


Several experimental runs were made with this 


equipment. Some simulated held operation of an auto- 


matic-gas-seal FOA transformer subjected to alternate 
loading and cooling and demonstrated how this cycling 


“pumps-up” the oil into a supercharged state which 
leads to bubble formation and loss of insulation 


one particular experimental run, three 24- 


In 


cyve les weTe 


strength 


hour used. Each cycle consisted of a period 
hours during which the oil was heated from 
17- 
hour period during which the oil temperature was held 
at 80 C followed in turn by a 4-hour cooling 

" 


pe riod with the heaters off and 


to 5! 
ambient temperature to 80 C followed by a 16- to 
constant 


the fans operating. The 








Digest of paper 1039 Ihe Effect of Transformer Oi] Preservation 
Methods on the Dielectric Strength of Oil recommended by the AIEE 
Transformers Committee and approved by the AIEE Technical Opera 
tions Department presentatic at the AIEE Fall General Meeting 
Chicago, Ill., Oct. 7-11, 1957 luled for publication in AIEE Power 
ipparatus <= Systen 1957 

R. B. Kaufman, J. L. Pierce, and E. R. Uhlig are with the General 
Electric Company, Pittsfield, Mass 





JANUARY 1958 Kaufman, Pierce, Uhlig 


Transformer Oil Preservation Methods 


PIERCE 





MEMBER 





Transforme? 


E. R. UHLIG 








MEMBER AIEE 





AIEE ASSOCIATE 


oil was pumped continuously. During the cool-down at 


of the third cycle, the gas pressure fell from 


il psig to 1% psig and in this 14-hour interval, the oil 


the end 


99° saturated nearly 130 saturated 


bubble 


dielectric 


went trom to 


This caused 
marked 
and 60-cvycle. 

Other 
investigated. In these, the tank cover was vented expos- 


at atmospheric pressure and the 
I I 


heavy formation in the oil and a 


decrease in strength, both impulse 


runs simulating conservator operation ere 


ing the oil to au oul 


was temperature cycled and circulated until it became 
air saturated at 80 C. It was then cooled in the same 
nanner as for the nitrogen cycles and comparable die- 
lectric strength tests were made. No bubbles were 
generated and there was no loss of dielectric strength 

These experimental runs are probably reasonab! 
faithful reproductions of conditions existing within 


transformers subjected to normal loading and 


Or ilgn loading 
















r} 


tne nitroge 


reductions ranging 


necessarily tvpicai. ~the autnors nave seen tral 
] h f ] tr! trer +} } 

ol iose more than -3 of its e€lectric strengt gas 
bubbles. The extent of the strength loss is dependent 
upon th pe of insulation structure, the condition o 
the oil and other factors which iv be unpr dictab 
it this time The hazard of gas bubbles is considerat 
greater inside a transtormer where the DubDbies can c 


lect beneath collars, inverted channels and other ins 
lation pieces causing far greater loss of insula 
strength than demonstrated in these tests. It is hig! 


wobable that these conditions have contributed to held 


1 ' P 
es 1n the past These tests have demonstrated 


1. Under certain service circumstances which cannot be 
considered abnormal, bubbles can form in transformer 


oil being preserved by a pressure-type system 


] 


; r le t 
rormeda eiectrie 


ot 


2. The gas bubbles thus reduce the 


strength of the oil and of the insulation structure 


the transformer and increase field failure probability. 


}. Where service conditions indicate that it is desirable 


to reduce the risk of failures of transformers now in 
service, the operating pressure can be reduced 
t. Unnecessary future risk can be minimized bv the use 


oil systems such as 


ot 
the conservator 


( onstant-p! essure pi eservation 


tv px 





O01! 


Preservation 
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Dr. Kelly Launches Fund Drive 


for New United Engineering Center 


PLANS for a new $10 million United 
tu be 
between 47th and 


York City, were an- 


Engineering Center erected on 
Nations Plaza 


ikth Streets in New 


United 


nounced Thursday evening \ ber 21, 
buildi i 
16 National Engineering 


a total membership of about 


ng il sery 


engineers 

repla the pres 
t Engineering Societies uilding at 29 
Oth St 


Kelly lent of Bell Tele- 
poratories who 18 serving as 
of the industrial campaign to 
for the nev ngineering Cen 
Ilv’s announcement that con 

had al 


launct ing 


vy Hon 
irman 
honor 


100 


oct 
1960 
tower surrounded 


] 


land 1 1 


aper sTrour 
ve adeqg 


functions 


he rapid advances 
I interpreted fo 


Hall 


contributions of 


publix An engineering 

» perpetuate the 
nguished engineers to modern civili- 
' 


is also under consideration. In all 


vw about 250,000 square feet of 


e industry campaign which Dr. Kelly 
is has a goal of $5 million. Members 
engineering societies are 
This 


million which is 


various 
to contribute $3 million 
together with $2 
ble in the assets of United Engineer 

ng Trustees, Inc., is expected to meet the 
$10 million cost of the new 


Dr. Kelly also 


150 presidents and deans of institutes of 


building. 


announced that nearly 


technology and engineering schools are 


supporting the campaign while more than 
75 executives—presidents or board chair- 


j 


men—of major industrial companies 


throughout the nation are serving as 


sponsors. 
headquar- 


AIEE; 


Che Founder Societies whose 


ters will be in the new building are 


Engineers: 
Metallurgi 
Amer 
ican Society of Mechanical Engineers; and 
American Institute of Chemical Engineers 


American Society of Civil 
American Institute of Mining 
cal, and Petroleum Engineers: The 


Eleven associated societies will also have 


uarters in the new building 
announcing the start of the can 


paign, Dr. Kelly said, “Engineering Socic 
ties are 

and app 

helds and a1 we! 


tion I he meetings 


co-operate 


necessary standards 


make large contril 


sional status = 


t 
Societies n rat are ser 


Nandicappeda uate space 
obsolescence ot 


at 29 W. 39th 


old. 


paign 
much 
mend 


of its 


past 50 years 


1roughout tf 


as grown f! 


associated 


1 Industrial Engi 
Ine rical Rocket 


American [1 itute of Consultir 


society 


1eers: American Society of Refrigerat 
Water Works 
Association Naval Architects 
and Marine Engi: I illuminating Engi 
Society ot 


ng Engineers Ame 
society t 


neering Society eTrican 
Heating and Air-Conditioning Engineers 
[ne The Electrochemical 
American Welding 


of Motion Picture and 


Society, Ine 
yoourety 


Engi 


Society and 
Television 
neers 

building will be 
Welding Re 
Index 


Also housed in the 
Engineering Foundation 


search Council Engineering 
Engineers 


Development, and 


Council for Professional 


American Standards 
Association 

Architects for the mew center are 
Shreve Harmon Associates. En- 
gineers associated for the planning stage 


Baum and 


Lamb & 


of the ne iter are Jaros 


Institute {ctivities 


Bolles for the secive 
Value 


United Engineer 


stage 
Stevenson necht 

Trustees Inc an 
Founder 


organization set u y the 


Ssocietie to perform management ftun¢ 


tions on their join 


ch 


Corpe 
ward 
Collver 
Good 


1an 
i president 
America: L. F 


Power and ight ipany: Bern 


Corporation 
president 
Texas 

Dibner president 
G Elliott vice 


I 
le lephone and Lele grap! 


porTratior 
resident Southern 
| Company 
Foot« presidet t. Commonwealt! 
Inc K. A 


esident Soutl 
| § 


Ganssle assistant 


Tele 
Noulton vice 


ester sell 
phone Company 
president and executive engineer, Pacific 
Gas & Electric Company; A. J. Frey, vice 
Hoffman-LaRoche, Inc R. P 
Genereaux, special assistant, E. 1. du Pont 
de Nemours & Company. Inc J J Healy 
department 

and C. F 


Prutton, executive vice-president of the 


preside mnt 


Jr., director, development 


Monsanto Chemical Company 
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Food Machinery and Chemical 


tion 


Distinguished scientists and 


who have endorsed the campaier a 
]. W. Barker, chairman of the board, Re 
search Corporation: D. W sronk, pres 
lent National Academy of 

Vannevar Bush, cha 


tion Massachusetts 
nolog sibbs, presi nt, G 


SCIENCES 
irman the Corpora 
Lect 


ss 


P ‘ P 3 ‘ 
THE NEW ENGINEERING CENTER to be erected on United Notions Plazeo between 47th and 48th 
Streets, New York City, is demonstrated by Dr. M. J. Kelly Weft) 
paign to raise funds for the new building 
United Engineering Trustees, Inc 


chairmen of the industry com- 
to AIEE President W. J. Barrett, who is president of 


builders and operators of the new headquarters for the engi- 
neering profession in the United Stotes 


Largest Technical Program Scheduled 


for 1958 AIEE Winter General Meeting 


t ‘ 


THE AIFEE W 


General Session 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 

, es : Pte ote bership grades, qualifications, and fees may 
Technical Sessions ae saraparhis oa Sts hs be obtained from Mr. N. S. Hibshman, Secre- 
tary, 33 West 39th Street, New York 18, N. Y 
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with the advanced development of in- 
formation processing and transmission. 


Informal Tea 


This social gathering before the formal 
program begins has been enjoyed by more 
and more people each year. Make it a 
point to attend this year—Sunday after- 
noon, February 2, from 4 to 6 p.m., in the 
Georgian Room of the Statler. There will 
be no charge. 

During this period, the registration 
facilities will be open for those wishing to 
avoid the Monday morning rush. 


Hotel Reservations 


Blocks of rooms have been set aside at 
the Statler and nearby hotels for mem- 
bers and guests attending the meeting. 
Members should send requests for reserva- 
tions to the hotel of their choice, speci- 
fically referring to the AIEE meeting in 
their letter. Please do not write to more 
than one hotel. If requests cannot be 
filled, the hotel will automatically refer 
requests to the Hotel Accommodations 
Committee whose duty it is to obtain a 
similar reservation at another of the con- 
vention hotels. The hotel will confirm 
directly to the member. No guarantee that 
members will be housed satisfactorily can 
be made if requests are received after 
January 13, 1958 

Because of the crowded condition in 
Nev York hotels, it is suggested that 
reservations be made for arrival on Sun- 
day, February 2, 1958, thereby avoiding 
delays in registration or unavailability of 
rooms in the early morning of subsequent 
davs. It is also suggested that a request for 
reservations prior to Christmas is more 
likely to be filled 

Rooms have been allotted for AIEE 
use by the following hotels at the daily 
rates indicated 


Hotel Statler (Meeting headquarters), 7th Ave 
$2nd to 33rd St 
Room $ 8.00 to $14.00 
Double Room ; a 11.00 to 18.00 
Iwin Bedroom 15.00 to 22.00 


Suites 86.00 to 37.00 


Hotel Sheraton-McAlpin (also used for meet- 
v Broadway and 34th St 

Single Room $ 6.85 

Double Room 


Iwin Bedroom 


Hotel New Yorker, &8t! 
Single Room 

Double Room 

Iwin Bedroom 

Suites 


Hotel Martinique, Broadway 
Single Room 


Double Room 9.5 t 14.50 
Iwin Bedroom 50 14.50 


Hotel Commodore, Lexington Ave. and 42nd 
Se 


Single Room ware $ 7.00 to $14.00 
Double Room 12.00 to 7.00 
Iwin Bedroom 12.00 to 18.00 


Hotel Roosevelt, Madison Ave. and 45th St 

Single Room $10.50 to $13.50 
Double Room .... 16.00 to 19.00 
Iwin Bedroom ........ 18.50 to 21.50 


All rooms have private bath and the 
rates quoted are subject to a 5% Nev 
York City hotel room tax. 


bd 


Smoker 


A highlight of the Winter General 
Meeting will be the Smoker to be held 
Tuesday evening, February 4, 1958. Good 
food, good fellowship, and top quality 
entertainment will be the feature of this 
event which will take place in the Hotel 
Statler. 

Attendance will be limited for the com- 
fort of guests. Ticket requests should be 
mailed at an early date. The price will be 
$11 per ticket and requests should be 
addressed to “AIEE Smoker Committee,” 
33 West 39 St., New York 18, N. Y., ac- 
companied by checks made payable to 
“Special Account, Secretary, AIEE.” 


Dinner-Dance 


A Dinner-Dance will be held Thursday 
evening, February 6, in the Grand Ball- 
room of the Hotel Statler. General ar- 
rangements will be the same as those 
which proved enjoyable last year. Dress 
will be formal. Write soon for reserva 
tions. Tables seat 10. The price this year 
is $12.50 per ticket and requests should be 
sent to “AIEE Dinner-Dance Committee” 
at 33 West 39 St.. New York 18, N.Y., ac- 
by checks made payable to 
“Special Account, Secretary, AIEF 


companied 


Inspection Trips 


4 program of inspection trips of both 
technical and general interest has been 
arranged for those attending the Winter 
General Meeting. Because the number of 
persons who may be accommodated on 
each of these trips is limited, members 
who are interested are urged to make 
arrangements and obtain full details at 
the Inspection Trips Desk immediately 
after registering 

On some of the trips, proot of | S 
citizenship will be required, and mem 
bers should be prepared to comply with 
such security regulations as may be in 
force at the time of the trip 

Radio City Music Hall, New York, 
V.} Tuesday morning This ever- 
popular trip has been scheduled again 
Spectacular stage shows distinguished by 
unique lighting effects have ,»made the 
Radio City Music Hall an outstanding 
attraction for visitors from all over the 
world. Members will see the backstage 
facilities as well as unusual features, such 
as the revolving sectionalized stage, ele- 
vatin motorized curtains 
and the multitude of electric and me- 


chanical controls required for the special 


orchestra pit 


stage and lighting effects 
Generating Station, Con 
ympany of New York, 


c 

N.} Tuesday morning 

he East River Station of 
Edison 

located at East 14th St. and East River 

Drive. Arrangements for the trip will in- 


and afternoon). T 


the Consolidated Company is 


clude a short bus ride from the Statler 
Hotel to the generating station 

This will be a guided tour of New 
York Citv’s second largest generating sta 
tion located adjacent to a modern resi- 
dential center which imposes stringent 
requirements on noise and smoke abate 
ment. Since 1951, four 60-cycle units have 
been placed in service, each one is rated 
at 150,000 kw or more. The tour will 
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highlight these new units and their as- 
sociated boilers and auxiliaries as well as 
the newest in 69-kv and 138-kv_ trans- 
formers, metal-clad bus and switchgear. 

New Ticket Bureau, Pennsylvania Sta- 
tion, New York, N.} 
day, and Thursday, several tours through- 


Tuesday, Wednes 


out day). The Pennsylvania Railroad's 
new Ticket Sales and Service Bureau 
combines a startling variety of electronic 
and mechanical devices designed to help 
make reservations, sell and deliver tickets, 
and give information more efficiently and 
more quickly than ever before attempted. 
An assembly of some 500 communication 
devices, including closed-circuit television 
systems, facsimile machines 
writing reproducers, and other more con- 


longhand 
ventional apparatus, has been arranged to 
provide fast and error-free handling of 
space reservations, ticket sales, and allied 
services in connection with railroad pas 
senger travel Ihe equipment provides 
means for facilitating these services not 
only over the counter at the main ticket 
bureau but also at nine outlving branch 
offices, including Newark and Trenton 
N.J.; at a number of subscribers to a 
facsimile connecting system: and to those 
who wish to make preliminary arrange 
ments by telephone. The workings of the 
system must be seen to be believed 
International Business 
poration, New York, N.} 
ing, Wednesday, and 


Machines Cor 
Tuesday morn- 
Thursday after 
noons;. IBM is planning to conduct a 
gram consisting of a discussion of mediun 
and large-scale computers. Following this 
will be a tour of the data processing center 
covering the type 705 Electronic Data 
Processing Machine and a demonstration 


of the 705 mamas 


Ford Motor Compan Ma/ 
Tuesday afternoon). This tour of one «of 
the largest auto and truck assembly 
plants in the world offers an excellent 
opportunity to see all the interesting work 
that goes into the assembly of an aut 
mobile. On 1,714,050 square feet of mar 
ufacturing space, 45 freight carloads 
auto parts are converted daily, using 10 
miles of conveyor lines and a 1,025 foot 
final car-assembly line, into completed cars 
and trucks. The plant is capable of tur 
ing out 1,216 cars and trucks when operat 


ing on a 2-shift, 16-hour day 

Bell Telephone Laboratorie Mu 
Hill, N.J 
will be in the Arnold Auditorium at 2 
p-m. A. R. Brooks, publication manager 
for New Jersey Bell Labs, will speak, de 
scribing the Laboratories, its place in the 


Tuesday afternoon Assembly 


Bell System, and its method of operation. 
Following this, a description of recent 
developments in solid-state electronics 
will > given 

Groups will visit a cross-section of dif 
ferent laboratories, to give a broad pic- 
ture of the scope and fields of science that 
are studied at Murray Hill 

Aliens are not excluded but must in- 
dicate their status on their reservations 
Bus leaves Statler 12:45 p.m., 
5:15 p.m. Reservations $2 

Federal 
Newark, NJ 


trip will consist of a general inspection of 


returns 


Pacific Electric Company, 


Tuesday afternoon This 


Federal Pacific's extensive facilities for the 
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production of Stab-lok circuit breakers, 
AB and AB-I circuit breakers, and in- 
dustrial motor control. Visitors will tour 
the plastics molding and small parts de- 
partments, the quality control stations, 
powdered metallurgy facilities, and as 
sembly departments. Guides will explain 
the various subassembly operations, cali- 
bration, and inspection, and other gen- 
eral manufacturing procedures. The plant, 
covering 156,000 square feet, produces 
circuit breakers at the approximate rate 
of 10 million per year. 

Sikorsky Aircraft, Division of United 
dircraft Corp., Stratjord, Conn Wednes 
day all day trip). Sikorsky’s new Stratford 
covers 830,000 


square feet of floor space, plus surround- 


Plant, opened in 1955 


ing acreage for flight line and air opera- 
tions. A 500,000 square foot engineering 
and research addition which is scheduled 
for completion in 1958 is now in construc- 
t10n. 

Located just north of Stratford (north- 
east of Bridgeport), the plant is adjacent 
to the Housatonic River 
Merritt Parkway 

The inspection tour will cover all un- 


crossing of the 


restricted manufacturing facilities here, 
including subassembly and main assembly 
of one of the world’s largest production 
helicopters. Completed units will be avail 
able for inspection and, weather permit 
ting, actual flight test operations wil! be 
witnessed 

Citizenship required, no cameras al- 
lowed , 

Bethlehem Steel Company, Shipbuild- 
ing Division, Hoboken Yard, NJ. (Wed- 
nesday morning The Hoboken Yard, 
advantageously situated on the New Jer- 
sey side close to the North River Piers 
is one of the largest and most modern 
and efhcient repair yards in the nation 
With a 1,500-foot river frontage and an 
area of close to 40 acres, it can handle 16 
to 20 average-sized vessels at the same 
time within the confines of the vard and 
an even greater number at outside piers 
and anchorages. 

Expanded and renovated through a 
long-range program, this yard has an un 
usually complete range of modern shops 
and facilities. The machine shop is 
equipped with several hundred machine 
tools including a double-end lathe with 
a 50-inch swing and 54 feet between cen 
ters, and a planer with a 9- by 31-foot 
table and a 54-foot bed length. The yard 
has available four drvdocks of the floating 
type with two of them having lifting 
capacities of 20,000 tons each 

rhe tour wil) permit a thorough view of 
yard facilities including piers and dry 
docks and encompassing a trip through 
the newest and most modern shore-based 
oil-tank cleaning facilities in the country 
and through the machine shop 

Only United States male citizens are 
permitted. 

Reaction Motors, Denville, N.J. (Wed- 
nesday afternoon). Reaction Motors man- 
ufacture rocket engines and their controls. 
The tour will be a two-hour inspection 
of their test facilities including a static 
test stand which is the largest in the East 
and their underground observation facil- 
ities and instrumentation. A missile type 
rocket will be set up in the test stand at 
the time of the tour. 
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AN ALL DAY INSPECTION TRIP te Sikorsky Aircraft, Division of United Aircraft Corporation, 
Stratford, Conn., will take place Wednesday, February 5, during the 1958 Winter General 
Meeting of the AIEE. The inspection tour will cover all unrestricted manufacturing facilities. 


Bus leaves Statler 12:30 p.m. Reserva- 
tion $1.75. 

Westinghouse Lamp Works, Bloomfield, 
NJ Wednesday afternoon [his is the 
largest manufacturing facility for the pro- 
duction of mercury lamps and special 
incandescent lamps. Visitors will be able 
to see development activities of Westing 
house Lamp Engineering Laboratories as 
well as the extensive assembly line manu- 
facturing setup. Also on display ‘are the 
latest laboratory models of new sources of 
panelescent lighting and research depart- 
ment samples of lamp products for the 
future. 

Edward F. Barrett Power Station, Long 
Island Lighting Co., Island Park, L., 
N.} Wednesday afternoon The 128- 
acre site of reclaimed marshland now 
houses one of an ultimate of six generat- 
ing units. The guided tour features 
185,000-kw generator, single boiler. tan- 
dem compound turbine. The outdoor tur- 
bine and semioutdoor boiler are unusual 
in this latitude. Rail coal delivery facil- 
ities, unified control center and the 
$10,000-kva, 138-69-33-kv substation also 
will be shown as part of the tour 

Brookhaven National Laboratory, Up- 
ton, N.Y Thursday morning). The facil- 
ities of this location are operated by 
Associated Universities, Inc., under con- 
tract with the Atomic Energy Commission, 
and constitute the Northeastern Center 
for Nuclear Research and Development in 
the fields of physics, chemistry, isology, 
medicine, and engineering. Among the 
important exhibits which members will 
see are the atomic pile, “hot” laboratory, 
and the Cosmotron. A complete tour has 
been arranged and competent guides, en- 
gineers, and scientists will be on hand to 
explain fully the extensive facilities and 
exhibits which have been erected at this 
vast site. United States citizens only. 

Bus leaves Statler 8:00 a.m.. returns 
5:30 p.m. Reservation $5.25, includes bus 
fare and lunch 
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Linden Generating Station, Linden, N.J. 
Thursday morning and afternoon). Pub- 
lic Service Electric and Gas Company's 
new Linden Generating Station is one of 
the company’s chain of eight generating 
stations now in service or under construc- 
tion. This station, which has an 
capacity of 450,000 kw in 
is unique in its extremely 
which can only be obtain 
the heat in the steam in industrial 
esses following its passage througt 
turbines. The steam, up to a maximum 
1.550.000 pounds per hour, is supplied 
the Bayway Refinery of Esso Standard Oi 
Company, which adjoins the new station 
In return for the steam, Esso furnishes 
fuel oil and water 

In the past, the price of higher economy 
has been higher steam conditions and the 
added complications of such features as 
reheat, pressurized furnaces, and gas re- 
circulation. At Linden, the price of t 
high economy lies in the additional com- 
plications of automatic steam extraction 
from the turbines, a water treating plant 
for high make-up, the special features for 
handling and burning high viscosity fuel 
and the provisions to assure reliability of 
steam supply. 

The auxiliary power supply for the 
station is unusual in that the boiler aux 
iliaries of each unit alwavs have two 
sources of electric supply, whether or not 
the associated turbine-generator is in 
service. 

Western Electric Company, Kearney, 
N.J. (All day trip). This is one of the 
largest manufacturing plants of this sup- 
ply organization for the Bell System. In- 
cluded in this tour will be the multi- 
conductor cable shop, relay blade 
manufacturing, and assembly of manual 
and automatic switchboard equipment. 

Only United States citizens are per- 
mitted. No cameras. 

Phelps Dod Copper Products Corbd.. 
Habirshaw Cable and Wire Division, 
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Bimonthly Publications 


rhe bimonthly publications, Communt- 
cation and Electronics, Applications and 
Industry, and Power Apparatus and Sys- 
tems, contain the formally reviewed and 
approved numbered papers presented at 
General and District meetings and confer- 
ences. The publications are on an annual 
basis. In consideration of 
payment of dues, members 
Student members) may receive one of the 
three publications; additional publications 
are offered to members at an annual sub- 
scription price of $2.50 each. Nonmembers 


subscription 
exclusive of 


may subscribe on an advance annual sub- 
scription basis of $5.00 each (plus 50 cents 
for foreign postage payable in advance in 
New York exchange). Single copies, when 
ivailable, are $1.00 each. Discounts are 
illowed to libraries, publishers, and sub 


scription agencies. 


— 


Yonke N.Y. 


cluded will be tours of the 


Thursday afternoon). In 
Nepperhan 
plants where telephone cable and rubber 
and plastic insulated wire are manufac- 
tured, followed by a tour of the Glen 
wood plant where high-voltage cables are 
roduced. The Glenwood plant includes 
facilities for applying aluminum sheath to 
and communications cable The 
will be completed in the Research 
boratories which house a two million 
it impulse generator 
Ladies and cameras are not permitted 
Holophane Light and Vision Institute, 
New York, N.Y 


This lighting clinic is a unique perma- 


Thursday afternoon 


nent demonstration of lighting principles 
vhere there are ingenious mechanical dis- 
plays of how the eye sees, how it can be 


ved, how lighting levels are deter- 


10 


mined, and how colors should be chosen. 
Visitors will be able to see the effect of 
shadow diffusion and contrast on various 
visual tasks in specially constructed 
movable devices. Of special note are the 
small demonstrations of light-controlled 
devices that visitors are able to operate 
for themselves. Refreshments will be 
served at the conclusion of the meeting 
at the Holophane executive offices. 


Theater Tickets 


No tickets to theaters will be sold at the 
meeting, but they will be available 
through an agency. Leblang’s Theatre 
Ticket Agency has set aside blocks of 
tickets to be distributed on a first-come 
first-served basis, preferably through mail 
orders. 

Tickets to the following shows currently 
playing in New York will be available to 
AIEE members during the week of the 
meeting. All prices shown are brokers’ 


prices 


Evenings Matinees 
5 ge & ae OF w“ 
Bells are Ringing $9.43 $5.98 
Judy Holliday 
musical 
Compulsion 7.1 7S Mats. oniy 
psychological! on weekend 
drama 
Fair Game 
Sam Levene 
Li'l Abner 
comic strip 
musical 
Long Day's Journe 
into Night 
Frederic March 
Look Back In 
Anger 
London drama 
Nude with Violin 
Noel Coward 
New Girl in Town 
Gwen Verdon 
musical 
Romanoff and 
Juliet 
Peter Ustinoff 
The Cave Dwellers 7 
Sarovan comedy 


*Thursday matinee. 

















Photo by A. F. Sesio 
THE NEW TICKET SALES AND SERVICE BUREAU at Pennsylvania Station, New York, N. Y., com- 
bines a startling variety of electronic and mechanical devices designed to help make reserva- 
tions, sell and deliver tickets, and give information more efficiently and more quickly than ever 
before attempted. Members of an inspection trip will visit the Ticket Sales and Service Bureau 
during the 1958 AIEE Winter General Meeting. 


Institute Activities 


listed theater tickets 
Leblang’s 


Orders for the 
should be sent directly to 
Theater Ticket Agency, 224 West 47th 
St., New York, N.Y., Attn: Mrs. Dorothy 
Zeikel. Checks covering the entire amount 
of the order must be included, and should 
be made out to Leblang’s Theater Ticket 
Agency. 

All tickets will be left at the theater 
box office in the name of the purchaser 
together with any refunds required 


Ladies Entertainment 


4 full and varied program is planned 
for the ladies accompanying their hus 
bands to the Winter General Meeting 
The Washington Room at the Statler will 
again be Ladies’ Headquarters for registra 
tions, get-togethers, and a long morning 
Coffee Hour. Registrations will begin on 
Sunday from 2 p.m. to 4 p.m. and con- 
tinue daily thereafter. All ladies must 
first register with their husbands before 
they can sign up for the program and 
must present their identification badges 
Hostesses will be in attendance from 8:30 
to 4:00 to answer questions and to help 
evervone enjoy their visit to New York 
Cards and bridge tables will be provided 
on request 

The tht of Monday's entertair 
ment will be a Get-Acquainted Tea fror 
4 to 5:30 p.m sponsored by the Phelps 


( orporatior 


Dodge Copper Products 


Tuesday will be a full day with the eve 


popula United Nations Tour ar 
Luncheon in the delegates dining room 
an afternoon trip to the Hayden Plane 
tarium, and ending with a Ladies’ Dinner 
whicl will be 
Hour sponsored DY the I-T-E Circuit 


ake pan her HW > € I 
Breaker Company. There will be ent 


preceded by a Cocktail 


tainment, through the courtesy of Water 
bury Company, Inc and prizes at the 
Another 


planned for 


dinner interesting tour is 


Wednesday and also d 
luncheon and bridge at a _ well-known 
hotel. The busiest day of the week will be 
Thursday which will start with breakfast 
and a hat show at Altman's Fifth Ave 
Department Store and then a luncheon 
and fashion show ! world famous 
Waldorf-Astoria Hotel This luncheon 
sponsored by the John A. Roebling’s Sons 
Corp., is complimentary and can be at 
tended only by those holding admission 
tickets 
will not be held after 10:30 a.m. on Thurs 
day. The Dinner-Dance will mark the end 
of a perfect day. 


Tickets reserved for this luncheon 


Winter General Meeting Committee 


Members of the 1958 Winter General 
Meeting Committee are: D. M. Quick, 
chairman; R. T. Weil, Jr., vice-chairman 
J. J. Anderson, secretary; L. F. Stone 
budget co-ordinator and AIEE vice-presi 
dent for District 3; H. Blackmon, chair 
man Technical Operations Department 
J. A. Parrott, public relations; R. W. Gil 
lette, general session; D. E. Winslow, hotel 
accommodations; T. C. Oliver, registra 
tion; J. A. Mulligan, inspection trips 
R. R. Meola, monitors; H. B. Snow, 
smoker; W. F. Anselm, dinner-dance; Mrs 
C. T. Hatcher, ladies entertainment; A. J. 
Cooper, ex-officio member (past-chairman). 
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AIEE Winter General Meeting, New York, N.Y. February 2 


Tentative Technical Program 


Monday, February 3 


9:00 a.m. Instrumentation for Electric 
Welding 


CP.* Progress in Development of Recom- 
mended Practices for Resistance Welding. 
R. P. C. Rasmusen 


CP-58-210 A Recommended Program for Re- 
sistance Welding Instrumentation 4. Dixon 
Westinghouse Electric Corporation 


CP.* A Parallel-Type Pickup Coil for Re- 
sistance Welding Current M casurements. 
i 


9:00 a.m. Mining and Metal Industry 


CP.* Recent Advances in Control Systems for 
Continuous Processing Lines. ( P. Brooks 
J. T. Bradford, General Electric ¢ : 


CP.* Motor Field Control for Large Revers 
ing Mill Motors. L. R. Hulls, Canadian West- 
inghouse Company 

CP.* Some Experiences with Magrctic Am- 
plier Applications. J. A. B. Pinne Alar 
Wood Stecl Compan 


CP.* The Application of Electrode Position- 
ing Controls for Vacuum Arc Melting Fur- 
naces E. J. Borrebach, Westingh 

Corporatior 


use Electric 


9:00 a.m. Refining and Chemical Processes 


CP.* Static Electricity in the Petroleum In- 
dustry. J]. C. Howerd, Standard Oi! Company 
Indiana 

58-227. CYPAK and Its Application in the 
Petroleum and Chemical Industries. P. G 
Hanna, ( R. Olson, Westinghouse Electric 
Corpor - 


CP58-228. 
Industry E 


Electrical Safety in the Chemical 
Nemours and (Cx In 


E I. DuPont de 


CP.* Selection and Installation of Equipment 
for Conduit Wiring Systems in Corrosive Loca- 
tions R. P. Northup, D. J. Smith, Crouse 
Hinds Company = 
9:00 a.m. Microwave Channel Require- 
ments for Protective Relaving 


Symposium Moderato I. A. Cramer, General 
Flectric Company 


Introduction: G Tennessee Valicy 


Authority 


Electric 


cP.* alk Motorola, Inc 
CP.* J. T. Corbell, General Electric Company 
CP.* K. O. Sten, Boston Edison Company 


CP.* E. W. Downer 


luminating Company 


Electric Il- 


9:00 a.m. Protective Devices 


58-69. Lightning Protection of Equinment 
with Remotely Mounted Arresters. A 
Knable Allis-Chalmers Manufacturing Com 
pany 


57-575. Expanding System Requirements In- 
dicate Need for More Severe Arrester Tests. 
G. F. Lincks, General Electric Company 


*Conference Papers will not be printed 
Institute a 
the meeting at the discretion of the author 


bv the 
however, they mav be available at 


JANUARY 1958 





PREPRINT PRICES 


10¢ to Members 


80¢ to Nonmembers 


MINIMUM ORDER by mai! $1.20 


inless accompanied by remittance 


or coupons All nonmember orders 
; . ’ 


ie ompanied v € ince 


COUPON BOOKS in nine-dol! 


ominations mav be purchased. 


NUMBERED 


, ’ 
avaliabie 


PAPERS only are 


SEND ORDER and remittance to: 
AIEE Order Department 
33 West 39th Street 
New York 18, N.Y. 











58-160. Lighnin 
Linck, The Hydr 


On 


Arrester Field Tests. 
Electric Power Commissi 


CP58-56. The Frequency Spectrum in Im- 
pulse Testing W. J. McKune, Georgia Insti- 


tute of Technology 


58-94 An Experience with Breaker Restrik- 
ing and Arrester Destruction on the Pennsyl- 
vania Power and Light Co. 220-Kyv System. 
\ Galiver ( 4. MacArthur, 3} F 


. 
| 
Ma mite Pennsvivania Power and Light 


9:00 a.m. Industrial Power Rectifiers 


CP58-216. Performance of Pumpless Ignitron 
Rectifiers. I Bl 
General Electric Company 


hem neia 


58-137. Superposition Applied to Mechanical 
Rectifier Contacts. J. K. Dortort, 1-T-E Cir- 
cuit Breaker Cor 


CP58-217. Transformer Equipment for Rec- 
tiher Substations Serving Electrochemical 
Plants. WW. R. Hodgson, R. D. Morris, West 
nghouse Electric Cory } 


58-218 Analysis of Ignitron Rectifiers for 
Reversing Mill Drives. C. G. Hagen 
Chan Westinghouse Electric Cor; 


CP.* Report of the Working Group on Revi- 
sion of ASA C-34. H. Winograd, Allis-Chalmers 
Manufacturir Company 


9:00 a.m. Gaseous Dielectrics 


CP.* Recent Progress on Gaseous Diclectrics. 
J. J. Chapman, L. J. Fris Johns Hopkins 


University 


CP.* On the Electric Strengths of Gases at 
High Pressure—I. Nitrogen. P. K. Watson, 
4. H. Sharbaugh, General Electric Company 


CP.* Current Pulse Shapes of Discharges in 
Air Gaps Limited by Series Dielectrics. J. ( 


Devins, General Electric Company 


CP.* Ionization in Gas Switching Tubes. 
D. J. Rose, Bell Telephone Laboratories 


CP.* Experience with the AIEE Subcommit- 
tee Test Cell for Gaseous Dielectrics. M. 1 
Manning, Pennsylvania Transformer Company 


9:00 a.m. Electronic Transformers 


CP.* Computer Design of Small Electronic 


Institute Activities 


Transformers. Wade Etchison, M. B 
C ben Lee Westingt se Electr 


CP.* Reliability of Transformers for Elec- 
tronic Applications. O. L. Ange e, Cale 


58-209. An Experimental Study of Magnetic 
Materials for Use in Ultra High Temperature 
Electronic Transformers. H. B. Harr Gen- 
eral Electric Company 


CP58-208. Ultra High 
tronic Transformers. G. = J 
[r.. H. B. Harn General Electric ( 


Temperature Elec- 
F_ Rib- 


9:00 a.m. Magnetic Amplifiers 


58-120. Magnetic Saturable Core Timing De- 
vice. J. L. Lowrance, Bendix Aviation Corpo- 


ta 


57-921. Core-Reset Functions in Magnetic Am- 
plier Analvsis—Part II. Determination of 
Amplifier Performance. G. C. Feth, General 
Electric Company 


58-96. Seclf-Balancing Flux-Gate Magnetom- 
eters. HW 4. Geveger, 1 S. Naval Ordnance 


Laborat 


CP58-173. Volt-Second Transfer Efficiency in 
Fast Response Magnetic Amplifiers—Part II: 
N* R as a Design Parameter. 7. /. Pu G.E 
Lynn, J. F. Ringe 


Corporation 


Westinghouse Ele 


9:00 a.m. Digital Differential Analyzers 


CP.* WhattlsaDDA?> R.G man, Bendix 
Computer Division 


CP.* Evaluation of DDA Techniques. R. C 
Minnick, Burroughs Corporatior 


CP.* Future Developments in_ Incremental 
Techniques. M. Palevsky, Packard-Beill Com- 


puter Corporat 


9:00 a.m. Recording and Controlling In- 
strumentation. 


CP58-15. Digital Systems in the Aircraft In- 
dustry. IW. P. Hamilton, Leeds and Northruy 
Company 


ip 


58-29. Digital and Pictorial Photographic 
Electronic Recorder. R. G. McPherson, 1. A 
Sonderbhy The Magnavox Research Labora- 


tories 


CP.* Problems in the Design of a Family of 
Automatic Null-Balancing Electrical Measur- 
ing Instruments. lL. E Jewet Leeds 
Northrup Company 

CP.* Design Considerations for Miniature 
Automatic Null-Balancing Electrical Measur- 
ing Instruments. D. A. Nar J The 
Bristol Company 


9:00 a.m. Indicating and Integrating In- 
struments 


58-145. Watt-Hour Meter for Two Phases 


of a 4-Wire Y 3-Phase System. 4. M. M 
Quarrie, General Electric Company 


58-146. New 
Pr. Tae 


Printing Demand Meter. 


General Electric Company 


CP58-241. High Impulse Rate Demand Con- 
tact Device. HV i mwagnar B. Judd, 


General Electric 


CP.* Evaluation of Single-Phase Metering 
Practices Based on Meter Performance and 
Load Characteristics. J]. M. Vanderle I 
Hydro-Electric Power Commission of Ontari 





2:00 p.m. General Session 


Address: President W. J. Barrett 


Presentation of the 
Awards 


Institute Prize Paper 


Presentation of the Edison Medal to J. K. 
Hodnette, vice-president and general manager, 
Westinghouse Electric Corporation 


Address: T. J. Watson, Jr., chairman of the 
board of directors, International Business Ma- 
chines Corporation. 


Tuesday, February 4 


9:00 a.m. Section Representatives 


9:00 a.m. Television and Aural Broad- 
casting 


CP. 4 New Industrial TV Camera System. 
J. E. Dilley, G. A. Senior, Radio Corporation 
of America 


CP.* Dial Selective TV System for Ticket 
Reservation Facilities. J. 1V. Alinsky, Thomp- 
son Products, Inc 


CP.* Unusual Applications of Closed-Circuit 
Television. CC. L.E General Electric Com 
pany 


CP.* Wiring a Town for Closed-Circuit 
Movie Distribution. H. J]. McMazrns. South- 
western Bell Telephone Company 

9:00 a.m. Electric 
Heat Pumps 


Space Heating and 


CP.* The Challenging 
Space Heating. W. 7. R 
Power and Light Company 


Aspects of Electric 
t : Ind anapolis 


58-64. Heat Pump and Heating Cables In- 
stalled in the Same Residence: First Year of 
W 


Comparative Operation. F. FE. Linden, ¢ 
neé The Narragansett Electric Company 
cP Operating Cost Calculations and Ex- 
perience of Air-to-Air Heat Pumps. H. N 

labama Power Company 


Large Heat Pumps. H. E. Rex, Carrier 


ration 


9:00 a.m. Industrial Power Rectifiers and 
Metallic Rectifiers 


58-219. Current Balancing Reactors for Semi- 
conductor Rectifiers. J Dortort, 1-T-E 
Circu jreaker Company 
58-220. Rectifier Power Factor. 
Ir., General Electric Company 


CP58-221 Semiconductor Rectifiers—Present 
and Future—for Electrochemical Loads. R 
MU. Crensha 1. L. Munn, General lectri¢ 
Compan 


CP58-222. Design Considerations for Large 
Industrial Semiconductor Rectifiers. G J 
General Electric Company 


CP.* Trip Report on Rectifier Developments 
in Russia. iN Mort General Electric 
Company 


9:00 a.m. Insulated Conductors 


58-72. Control of the Thermal Environment 
of Buried Cable Systems—IlI I H 
J. J. Smerke Ul, Philadelphia Electric Com 


CP58-242. Forced Cooling of Underground 
Cables. O. Nig G. H. West, The Hydro 
Electric Power Commission Ontario 
58-73. 69-Kv Stop Joint for Connecting Pipe 
Type Cable to Oil-Filled Cable R. H. Bol 
ling, J Philadelphia Electric Company 


58-74. Aluminum Conductor Aluminum 
Sheathed, Triplex Cable Installation. /. F 
Gillespie, Philadelphia Electric Company 


9:00 a.m. Power Generation 


58-93. Switchgear with Stored Energy Mech- 
anism Applied to Steam Station Auxiliary 
Transfer Arrangements. P. G. Brown, J. J 
Heagerty, D. G. Lewis, E. M. Smith, General 
Electric Company 


58-53. Electrical Control Features of the 
Avon Supercritical Pressure Unit. R. F. Wil- 
lett, Cleveland Electric Illuminating Company 


CP58-163. Design and Operation of Gas Tur- 
bine Operating Stations. 4. W. Barstow, W. 
D. Marsh, General Electric Company 


58-164. Large Gas Turbines for Central Sta- 
tion Application. Z. S. Stys, Brown Boveri 
Corporation 


9:00 a.m. Substations 


58-98. Voltage Gradients through the Ground 
under Fault Conditions. AIEF Working 
Group 56.1, Chairman, R. F. Stevens 


58-33. The Economic Advantages of Standard 
Substations. B 7 Payne, Central Maine 
Power Company 


58-7. Working Group Report on Mobile Sub- 
stations—Their Use, and the Design of Dis- 
tribution Substations To Facilitate Their Use. 
AIEE Substations Committee Working Group 


—Project 53.2, Chairman H. H. Marsch, Jr 


CP58-99. Design and Utilization of Mobile 
Substations. M. R. Wealli Union Electric 
Company 


9:00 a.m. Applied Mathematics 


CP.* Generalized Recurrence Relations in 
the Analysis of Physical Nonlinear Systems. 
4. A. Wolf, University of Pennsvivania 


CP.* Transient Response of a Saturating 
Control System. /. H. Dietz, A. A. Wolf 


58-656. Matrix Programming of Electronic 
Analogue Computers. R. FE. Horn, Westing 
house Electric Corporation; P. M. Honneil 
Washington University 


CP58-67. Solutions of the Stout Nonlinear 
Equations and the Lewis Nonlinear Equation 
by Number Series. /. R. Eckel, Jr.. Univer- 
sity of Wisconsin: C. H. Weaver, University of 


Tennessee 


9:00 a.m. High-Temperature Insulation 


58-115. Properties of Electrical Insulation at 
Ultra High Temperatures. G. 1. Duncan 
M. M. Feiger, General Electric Company 


58-116. Dielectric Sample Holder for Thin 
Sheet Insulation to 600C. M. ¢ Halleck, 


General Electric Company 


CP58-117. 
perature Transformers. I i 
General Electric Company 


Magnet Wire for Ultra High Tem- 
Wareham, 


CP58-118. Terminal Spacings for High Alti- 
tude and Ultra High Temperature Electronic 
Transformer Applications. G. /]. Duncan, W 
1. Rectanus, General Electric Company 


58-119. Insulation Aging in Pure Oxygen and 
in a Vacuum. L. C. Wi General Elec- 
tric Company 


9:00 a.m. Electron Tube Developments 


CP58-187. Low-Mu Triodes with Improved 
Electrode Geometry. ( Weden, Machlett 
Laboratories Inc 

CP.* High Temperature Ceramic Voltage 
Regulators and Reference Tubes. J]. M. Laf- 
fert General Electric Research Laboratory 
CP58-188. Ceramic Hydrogen Thyratons. 
H. N. Price, A. W. Coolidge, General Electric 


Companys 


CP.* A Rugged Tunable, Thermally Stable 


Institute Activities 


X-Band Beacon Magnetron. C. J. Orlebeke, 
Raytheon Manufacturing Company 


9:00 a.m. Magnetic Amplifiers 


58-39. Magnetic Amplifier Design—Part II. 
The Windings. R. E. Anderson, General Elec 
tric Company 


58-77. High Efficiency Push-Pull Magnetic 
Amplifiers with Transistors as Switched Rec- 
tifiers. A. G. Milnes, Carnegie Institute of 
Technology 


58-175. Proposed Standard Terms and Defini- 
tions for Magnetic Amplifiers. AiEE Defini 
tions Subcommittee, D. Feldman, chairman 


58-71. Proposed Standards for Core Test 
Methods for Toroidal Magnetic Amplifier 
Cores. AIEE Committee Report by Core 
Matching and Grading Working Group, VF. J 
Louden, chairman 


9:00 a.m. Computing Devices and System 
Engineering 


58-1338. Computer Analysis of Transmission 
System Capability during Generator Outrages 
H. B. Seciey, R Briesemeister, ]. T. Garbe 
rini, Consolidated Edison Company of New 


York, Inc 


58-134. The Use of a Digital Computer in a 
Generator Reserve Requirement Study. HF 
Brown, Commonwealth Edison Company 


CP58-136. Digital Fault Calculations. C. / 
Evert, W. M. Lambe niversity of Cincinnati 


CP.* Experience in Computation of Load 
Flow Studies Using High Speed Computer. 
H. P. St. Clair, G. W. Stagg 


CP58-243. Preliminary Report on Survey of 
Electric Utility Applications of Digital Com 
puters. Computer Applications Subcommittee 
of System Engineering Committee and Appl 
cations Subcommittee of Computing Devices 


Committee, AIEF 


9:00 a.m. Recording and Controlling In 
strumentation 


Topic: ASA Specifications C39.4-19%6 
Automatic Null-Balancing Electrical Measur 
ing Instruments 


Presentatior Members of 
mittee C39.4 responsible for 
will review the reasoning on 
based and 


ing it 


will respond to questions 


Participar Chairmar F 4. Weiss, Sun O 
Co. Panel Members: H. ¢ Koenig, Electrica 
Testing Laboratories; G. L. Broomell, Jr., Leeds 
and Nor Company; R. C. Langford, We 
ton Electric Instrument Corporation; J. W 
Percy, 1 Steel Corporation: W. H. Brar 


Conofiow Corporation 


2:00 p.m. Section Representatives 


2:00 p.m. Television and Aural 
Broadcasting 


CP 4 New Vidicon Camera for Live Pick 
up. F. WM paugh, J. H. Roe, Radio ¢ 


poratron of America 


CP.* Effects of Local Conditions on TV Re 
ceiver Design. Ernest Freelar Philco Corpo 
ratior 


CP. Engineering for Off-the-Air Television 
Service in Southern California. EF. D. Bar 
Pacific Telephone and Telegraph Company 


2:00 p.m. Marine Transportation 


58-135. Metallic Rectifiers for Shipboard 
Electrical Systems. ( Straub, U.S. Navy 
Department; H. G. Wee General Electric 
Company 


58-132. Overcurrent Protection in Large 
Capacity Shipboard Electrical Systems. /. R 
Cole, Department of the Navy 
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AIEE-IRE-ASOC Reliability and 
Quality Control Conference* 
Statler Hotel, Washington, D. C 


I< 
IIS 


January 6-3 
AIEE-IRE-AEC-NBS Scintillation 
Counter Symposium* 

Shoreham Hotel, Washington, D. C. 


January 27-28, 1958 


Winter General Meeting* 
Hote Matier Ne York  #}, F 


February 2-7, 1958 

ATEE-IRE-U of P Transistor and 
Solid State Circuits Conference* 
Philadelphi Pa 


February 20-21, 1958 





Nuclear Congress 


AIEE-ASME Engineering Manage- 
ment Conference 

OStor Mass 

Marc 5% 58 


} , TP ¢ °C 


American Power Conference 


Sherman Hotel, ¢ cag i] 

Mare 26-28, 1958 

Fina ale TI ¢ TCP 
, ed. CPM 


Pulp and Paper Conference 


North Carolina State College 
Raleig! NX. ¢ 

March 27-2 1958 

Fir ite f IP ¢ ‘CP 
Sy? Jar 5 CPM Jan. 2 


South West District Meeting 
Mavo Hote 
Tulsa, Okla 


Marct I April 2, 1958 
Final date f TP OSE SDP 
Syn.—Jan. 8, DPMs—Jan. 13 


ATEE-ASME-IRE-ISA-AIChHE Auto 
matic Optimization Conference 
University of Delaware 

Newark, Del 

April 2-4, 1958 

Fina ate f TP ed, tCP 
Sy? Jan. 17, CPMs—Jan. 27 


ATEE-ASME Railroad Conference 
Cleveland, Ohio 
April 9-10, 1958 
Fina date for +TP—closed, {CP 
Syn.—Jan. 24, CPMs—Feb. 3) 


AIEE Future Meetings 


Rubber and Plastics Conference 
Mavilower Hote 


Akron, Ohi 
April 14-15, 1958 
Final date TP—Jan. 3, [CP 


Syn.—Jan. 28, CPMs—Feb. 7 


AITEE-IRE-ASME Automatic Tech- 
niques Conference (Automation and 
Data Processing) 

Statler Hote 


Detroit, Mict 

April 14-16, 1958 

F ¢ for +TP—Jen. 3, CP 
Syr Feb. 25, CPMs—Feb. 7 


AIEE-IRE-EIA-WCEMA Joint Elec- 
tronic Components Conference 
H 


Fi ale TP—J 17, SDP 


Great Lakes District Meeting 


Michiga Gr 
Fina é T} 24, SDP 


AIEE-IRE-ACM Western Joint Com- 
puter Conference (Exhibit) 
Ar assador H 


9 by 
~ 
y 


x 





East Central District Meeting 
Huntington, W. Va 

May 13-15, 1958 

Fina ate for +TP—Ja 31, SDP 


Sy March 7, DPM Ma 


Materials Handling Conference 


Pittsburgh, Pa 
Mav 19-20, 1958 
Fina ef TP—Feb. 7, 2CP 


Sy? Ml h 4, CPM Ma 


Domestic Appliances Conference 
Hotel Morrison 

Chicago, Il 

Mav 26-28, 1958 

Final date for +TP—Fe 14, {CP 
Syr March 11, CPM March 21 


AITEE-ISA-IAS-ARS National Tele- 
metering Conference (Exhibit) 
Lord Baltimore Hotel 

Baltimore, Md 

June 2-4, 1958 

Final date for +TP—Feb. 21, tCP 
Syn.—March 18, CPMs—March 28 


Summer General Meeting 

Buffalo, N. ¥ 

June 22-27, 1958 

Final date tor +? P—March 14, [CP 
Syn.—April 3, CPMs—April 7 


AIEE-IRE Non!inear Magnetics and 
Magnet Amplifiers Conference 
(Exhibit) 

Los Angeles, Cali 


Final date for +TP—April 25, CP 
Syn.—May 20, CPMs—May 30 


Pacific General Meeting 
Sacrament Ca 


Petroleum Industry Conference 
Baker H 

Dallas Texas 

September 15-1 58 

F 


s 





AIEE-IRE-ASME Power 


Conference 





National 


Bost Mass 
September 28-October 1, 1958 
.) CPM 2 


AIEE-IRE-EIA-SMPTE National 


Electronics Conference 


Machine Tools Conference 
Static Hote 

Hartford. Cor 

Octote | 5 5s 
Fir TP 
Syn.—July 29, CPM fu 
Fall General Meeting 
Pittsburgh, Pa 

October 26-31, 1958 

F ate +TP—Ju 27, =Ci 
Sy? fug. 4. CPM {ug 
AIEE-IRE-ACM Eastern Joint Com- 
puter Conference (Exhibit 
Bellevue-Stratford H 


Philadelphia, Pa 

December 3-3 58 

Fir late f TP—Aug. 25, :CP 
s s CPM s 2 

Fina ate fo g apers— 
closed 


+TP—Transactions Paper 
CP Syvn.—Conference Synopsis 
CPMs—Conference Manuscri 
§DP Svn.—District Synopsis 





District Paper Svnopses shoul 
rected to the District Meeti 
mittee 


DPMs—District Manuscript 


1g Com- 
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Institute Activities 






wo 


CP58-161 Recommendations for Electrical 
Installations in Ships. I1.E.( Publication 92 


2:00 p.m. Industrial Power Systems and 
Transmission and Distribution 


cP Alternate Methods of Tying with Utili- 
ties Tr. W. Hayme Robert Thompson 


CP58-63. Electrical Problems Resulting from 
the Interconnection of a Steel Plant Power 
System and a Utility. FE. J. McClure 


cP 4-C Network Analyzer Studies of In 
terconnected Utility and Industrial Power Sys 
tems ( ( Young, J. Dunki-Ja s 

57-642. The Tie between a Utility and an 
Industrial when the Industrial Has Genera- 
tion D. I Fa ett, Canad Westinghouse 
Co., Lt Re-presented for discussion only 


2:00 p.m. Insulated Conductors 
75 Corrugated Metallic Cable Sheath 

ese Hacketha Draht-und Kabel 
e AG: F. Dia NV. D. Kenne Simplex 
ind Cable Compar 


Electromagnetic Field Phenomena in 
Shielded Aerial Cables under Surge Condi 
tions J. K. Delson, General Electric Company 


58-51 Dielectric Strength and Voltage Life 
Koulo 


of Polyethylene. G. H. Hunt, M. J r 
YB Simplex Wire and Cable 


CP Operating Experience with Thermo 

plastic Insulated Wire and Cable in Chemical 

Plants. M. M. Gilbert, J. R. Peri E. I 
Pont de Nemours o. (Inc 


2:00 p.m. Power Generation 


CP. Recommended AIEE Excitation Systems 
Definitions for Synchronous Systems. Excita 
tion Svstems Subcommittee 

57-064. Transient Performance of Excitation 
Systems. R. L. Krahn, U.S. Army Corps of 
Engineers 


CP 4 Static Annunciator System. WW. H 
Public Service Electric and Gas Co 
Sagan, Westinghouse Electric Corporation 


2:00 p.m. Substations 


CP58-100. 
station Construction. P. R. Harris, South 
western Gas & Electric Co., Shreveport. La 


CP58-244. 
pany Prefers Conventional Substations. A. H 
Thiermann, Jr., Virginia Electric & Power 
( ompany 


Single Circuit Unit Substations. /. F 
Baltimore Gas & Electric Company 


Advantages of Conventional Sub- 


Virginia Electric & Power Com- 


THE Edward F. Barrett 
Power Station, long 
island Lighting Co., Is- 
land Park, L. I., N. Y., 
will be visited during 
an AIEE Winter Gen- 
eral Meeting inspection 
trip. 


CP58-101. The Hartford Electric Light Com 
pany Prefers Unit Substations. D.C. Switze 
Hartford Electric Light Co.; H. B. WW mar 


Westinghouse Electric Corporation 


2:00 p.m. Electric Circuit Theory 


58-52. Certain Applications of Matrixes 
Circuit Theory. 1. Pipe University 
California 


CP58-60. A Circuit Theory 
Finite Difference Stability. 
University of California 


Approach 


CP58-61. Duality and Mutual Inductance. 
t. Brenner, R. Stein, The City College 


58-65. Accurate Determination of Capaci 
tance by Conjoining Analytical and Analog 
Techniques J. D. Horgar J 1. Pesavente 


Marquette University 


2:00 p.m. Thermal Stability of Insulation 


CP.* Problems in Evaluating Long-Term 
Degradation of Insulation. A. N VMathe 

General Electric Company 
CP.* Thermal Life of 
Wire. Report by Enameled 
Working Group, J. F. Dexter 


Enameled Magnet 
Magnet Wire 


chairman 


CP.* The Evaluation of Enameled Magnet 
Wire H. L. Saun WW W. Pendeltor Ana 


conda Wire and Cable Company 


CP. The Effect of Varying the Electrode 
Curvature in Testing the Thermal Flex Life 
of Insulating Varnishes. R. 1. Bowman, Min 


nesota Mining and Manufacturing Company 


CP The Statistical Evaluation of Life Test 
Data by a 650 Digital Computer. 1. P 
Ma/ Canadian General Electric Compat 


2:0) p.m. Electron Tube Evaluation 
Program 


CP.* Evaluation of Control Grid Current in 
Radio Tubes. L. T. May, Tung-Sol Electric 
Inc 


CP.* Electron Tube Evaluation for Guided 
Missile Applications. H. G. Chandler, Dia 
mond Ordnance Fuze Laboratories 


CP.* The Role of Customer—Vender Agree 
ments in the Maintenance of Electron Tube 
Quality Levels. A. Warsher, Bendix Aviation 
( orporation 


CP.* Field Failure Analysis and Its Effect 
on Electron Tube Reliability. N. FE. Nitschke, 
International Business Machines Corporation 
CP.* Improvement of Electron Tube Quality 
through Receiving Inspection and Failure 


Institute Activities 


Analysis. M. Swado Westinghouse Electric 


Corporation 


2:00 p.m. Magnetic Amplifiers 


58-177. Introducing Young Engineers to the 
Appreciation of Magnetic Amplifier Problems. 
L 4. Finzi, Carnegie Institute of Technology 


58-178. The Transactor, a Self Saturating 
Transformer, Part I. 4. B. Rosenstein, Los 
Angeles, Calif 


58-180. Applications of Nonlinear Magnetics 
H. F. Storm, General Electric Company 


2:00 p.m. Research 


Topic: “The Engineering Foundation and Un 
versity Research 


CP.* The Aims and Activities of the Engi 
necring Foundation. FE. 1. Gree Bell Tele 


phone Laboratories 


CP.* The Role of the Universities in En 
gineering Research. W. L. Everitt, University 


of Illinois 


CP.* %345-Kv Power Cable Research. An Ex 
ample of University and Industry Co-opera 
tive Research. Report of AEIC-EEFI Steering 


Committee for the Project 


2:00 p.m. Techniques for Dielectric Tests 


58-110. Surge Measurement Errors Introduced 
by Coaxial Cables. J. H. Park, National B 


reau of Standards 


58-18. Measurements of Steep-Front Impulse 
Waves with an Isolated Screen Room Installa 
i C. 5. Beet, Nae 3e Fo Oe hlage 


Ihe Ohio Brass Company 


58-37. Transient Response of Impulse Volt 
age Dividers. F {. Fisher, General Elecwis 


Company 


58-27. The Influence of Water Resistivity and 
Precipitation Rate upon 60-Cycle Wet Flash 
over Voltage AIFF Working Group on Rau 
Tests, Chairman, C. J]. Milk 


Wednesday, February 


9:00 a.m. Radio Communications and 
Television and Aural Broadcasting 


CP Mobile Dialing. C. H.W ’ Mort 
ola Inc 


Over-the-Horizon 


58-179. Wideband UHF 
Equipment. KR 4. Feisenheld, H. Ha 
J. L. Jatlow, D. J. LeVine, L. Pollack, Federal 


Telecommunication Laboratories 


58-154. The Miami-Havana Radio System 
and Its Integration into the Telephone Net 
works. AK. P. Stile F. G. Hollins, E T 
Fruhner, W. D. Siddall, American Telephone 


and Telegraph Company 


CP.* Factors Affecting the Use of Over-the 
Horizon Links in Telecommunication Net 
works. Charle Part Page Communications 
Engineers, Inc 


CP.* Bevond Horizon Radio—Tailored for 
Alaska. R. B. Stecker, Western Electric Com 
pan 


9:00 a.m. Industrial Control 


CP5862. The Bode Diagram—An Approach 
to Regulating System Stability Fundamentals 
L. A. Koenig, Clark Controller Company 


58-42. A Method of Scaling and Checking 
Computer Circuits. L. J. Lane, General Elec 
tric Company 


CP58-79. A Computer Study of a High-Speed 
Repetitive Positioning Drive. E. G. Anger, 
Square D Company 


ELECTRICAL ENGINEERING 














58-40. Characteristics of Phase-Controlled 
Bridge Rectifiers with D-C Shunt Motor Load. 
R. W. Pfaff, Reliance Electric and Engineering 
Company 


9:00 a.m. Insulated Conductors 
58-17. Cable Installations on Bridges. ££. 


Scheirer, I Winitsky, Philadelphia Electric 


Compan 





58-78 The St. Lawrence River High Voltage 
Submarine Cable Crossing—Part I, Basic Data 
and Design. D. M. Farnham, Quebec Hydre 
Electric Commission, G. B. Shanklin, Schenec 
tadv, N.Y S. H. Cunha, Quebec Hydro Ele 

on ssior H. D. Short, Canada Wire 
and Cable Company, Lt Re-presentation by 


CP.* The St. Lawrence River High Voltage 
Submarine Cable Crossing—Part Hl, Experi 


mental Program and Cable Manufacture D 
!. Fars Quebec Hydro Electric Cor 
sion; G. | : Schenecta N.Y: S. 8 
( } Quebec H Elec Con 

H ms Cana W ire Cable ( 
pan Lt 


CP.* The St. Lawrence River High Voltage 
Submarine Cable Crossing—Part Ill, Installa 


tion D. M. Farr Quebec H E lec 
( ( f 2 1 Schenec N.Y 
H 0 mc H F « ( 
t H. D ( ( ¢ 
( I 
CP The St. Lawrence River High Voltage 
Submarine Cable Crossing—Part IV Final 
Tests and Field Data D f F 


Quebec Hydro Elec ( . G. I 





9:00 a.m. Power Generation and System 


Engineering 


58-126 Determination of Reserve Generating 
Capability HH e H idle Cor 
monwealt Edis ( n 


58.139. Determination of Reserve and Inter 
connection Requirements H I l er 
Put “ ‘ Fle 3 Cas ( 


58-140 Details of Outage Probability Calku 
lations {il ' eT Ihe Cleveland Elect: 


Iilu eg ( 


56-635. Probability Calculations for System 


Generation R A G.] 
Los Angeles De f Water a Powe 


eserves 


9:00 a.m. Substations and Switchgear 


58-28 Welded Aluminum Conductors in Iso- 


A <y 


lated Phase Bus ¥. 3 
Ceenet Flectric Comprar 


CP58-245 Power Tests Prove Single Insulator 


Isolated Phase Aluminum Bus 1. H. Powe 

\ Suoer (.eneral Flectric Cor 

CP58-124 Application of Aluminum in 
Switchgear Apparatus F H. | ¢ l i 
Keck, We whouse Elec ri oratior 
CP58-125 Training and Qualification of 
Welders for Aluminum Bus Welding. G. 4 
if kK sise \ ' I : Chen ‘ lor pan 


CP.* Design Concepts in the Development of 


Bolted Aluminum Power Connectors P| an 
Warre Roval Electric Manufacturing Con 
pan In 


9:00 a.m. Relays 


58.25 Relaying Tapped Substations for 
Faults on High Voltage Transmission Lines 
R i Worle ( I Rose J E Skudert 
Bureau of Reclamatior 











58-26 Compensator Distance Relaying I— 


General Principles of Operatien W. K. Sor 
nenmiar Hi. W. Lensne Westinghouse Electric 


Corporation 
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and Performance. 


Distance Relaying II— 
Carrier Control System 


9:00 a.m. New Synthetic 


of Octofiuorocyclobutane—A 





High Temperature 
for Conventional Thermoplas 
‘ > 


A Versatile New Acetal R 


Temperature Stabilization of D- 


An Analog Frequency Measuring Cir 





CP.* Recognition of Magnetic Characters 


Using a Complementary Code 


Special Instruments and Auxil- 


Techniques for Meas 
Terminal Capacitors 


Industrial Power Rectifiers 


















Electric Company: 


sit C. H. Titus, General 
R. N. Wagner, Aluminum Company of America 


CP58-22 Anode Breaker Ficid Testing with 
a High Capacity Rectifier System. L. j]. Har- 

Aluminum Company of America j J 
Scully, 5 N. Stewart, General Electric Com- 


CP58-225. Field Testing DC Air Circuit 
Breakers on a High Capacity System. P. 1 
Hartsock Alum im Compan of America 
T. J. Scul J N. Stewart, G Electric 


Compan 








CP58-226. A Mathematical Model and Pro- 
cedure for Arc-Back Current Calculations for 
Power Rectifiers. H. P. Fuller General 


Electric Compan J. Ter Lehigh Univers: 


9:00 a.m. Ground Resistance and Poten- 
tial Gradient Measurements 


CP58-105. The Technique and Instrumenta- 
tion of Low-!mpedance Ground Measurement 


i Dp ef. ft . I ennessee € 4 


CP58-106. Some of the Fundamental Aspects 

of Ground Resistance Measurements. / E 
lames G. Biddle ¢ 

CP.* Resistance Measurements of Deep 

Driven Grounds H. Jenser 


CP.* Ground Measurements for Communica- 
tion Circuit Protection Planning Ww. ¢ 


2:00 p.m. Radio Communications Systems 


CP.* Dial-Direct Automatic Termination 
Equipment for Mobile Radiotclepone Service. 
to ee 4 Dumont M t 4 ‘ ar 












CP58-181 4 6.000-Mc Radio Svst-m for Toll 
Telephone Service {. H. Ke BF 4 
. Lenkurt Electric ¢ 


CP58-182 4 240-Channel Microwave Radio 


Multiplex Svstem 4. He f I 

Lenku Electr ( par 

cP Signaling Svstems for Dialing and Su- 

pervision on Overseas Radiotelephon: Svstems. 

E. W. Reeve, American Telephone ar Tele 
‘ 

58-183 The Simultaneous Tran«mission of 

Television and Telephone Multiplex Over a 

Single Microway Channel o ty T-ans 

Canada TD-2 Svstem. H. FE. Cu Be Tele 

. y. & c, Be lelephone ( 

R resented f sCUussiOT 


CP58-184 An Automatic Frequency Control 
Svstem Suitable for Single-Sideband Reccivers 
and Frequency Modulation Tran<mitters 
I R. Kai - Rese h I R 


58-185 4 New Broadband Microwave An- 
tenna System | F 
Telephone Laboratories (Re 


2:00 p.m. Communication Theory 


58-34 Bits of Information 
r € Sr ex N Rese 


CP58-36. Entering the Machin Domain 
‘ I Ne 


CP.* Recent Progress in Applying Inierma- 
tion Theory to Digital Transmission S«stems 
} F j. # Westing 


‘ 


CP58-246. Binary Communication Feethack 


Systems H 1. Hau aN 

g I § § New Y k 

57-1041 Binary Symmetric Decision d- 
back Systems B.H A. ¢ 

York Ur ers Re cente 








58-38. An Experimental Study of a CD rv 
Code We we 2 { f 
Re esented by tit ' 


























2:00 p.m. Telegraph Systems 


58-47. Airborne Teletypewriter, AN /AGC-1. 
R. A. Michals, Kleinschmidt Laboratories Inc. 


58-48. The “Mite” Teleprinter. Bernard 
Howard, Teleprinter Corporation 


CP.* Advancements in the Facsimile Art Dur- 
ing 1957. W. H. Bliss, Radio Corporation of 
America Laboratories 


CP.* Present Status of Facsimile in Japan. 
Yasujiro Niwa, Tokyo Electrical Engineering 
College 


2:00 p.m. Industrial Control 


58-68. Three-Phase Induction Motor Control 
Using Static Frequency Doublers. A. Straug- 
hen, Canadian Controllers Ltd.; P. P. Biringer, 
G. R. Slemon, University of Toronto 


CP58-70. An Improved Static Digital Control 
System. J. J. McNeill, H. A. Perkins, Jr., 
Westinghouse Electric Corporation 


CP.* Proximity Switches—Characteristics De- 
sign and Application. F. A. Manners, R. C. 
Mierendorf, Square D Company 


2:00 p.m. Power Generation and System 
Engineering 


58-141. Generator Unit Size Study for the 
Dayton Power and Light Company. L. K. 
Kirchmayer, A. G. Mellor, H. O. Simmons, Jr., 
General Electric Company 


58-142. Digital Computer Aids Economic- 
Probabilistic Study of Generation Systems— 
Part Il. M. K. Brennan, C. D. Galloway, L. K. 
Kirchmayer, General Electric Company 


58-143. Digital Computer Aids Economic- 
Probabilistic Study of Generation Systems— 
Part II. C. D. Galloway L. K. Kirchmayer, 
General Electric Company 


CP58-144. Treatment of Hydro Capability 
Duration Curves in Probability Calculations. 
K. L. Hicks, Sargent and Lundy 


2:00 p.m. Rotating Machinery 


58-195. A Theory for Shaded Pole Motors. 
F. W. Suhr, General Electric Company. (Re- 
presented by title only 


CP58-196. Temperature Tests on Totally 
Enclosed Nonventilated Motors. R. F. WWoll, 
Westinghouse Electric Corporation 


CP.* New Class F Wire Enamel-Varnish Sys- 
tems. J. R. Learn, R. B. Young, General 
Electric Company 


2:00 p.m. Transmission and Distribution 
and Relays 


58-50. Ultrahigh-speed Reclosing Experience 
at 345 Kv. H.C. Barne 1. Hauspurg I 
Kinghorn, American Gas and Electric Service 
Corporation 


58-111. Effect of Current Cut-Off and Arc 
Voltage on Recovery Voltage. C. Concordia, 
General Electric Company 


58-9. Bibliography on Power Capacitors 
1954-1956. AIEE Working Group of the 
Capacitor Subcommittee, Chairman M. E. 


Scoville 
2:00 p.m. Solid Dielectrics 


CP. Glass Flake in Electrical Insulation. 
L. M. Conklin, M. P. Koerner, Jr., Owens 
Corning Fiberglas Corporation 


58-121. Treeing in Polyethylene as a Prelude 
to Breakdown. D. W. Kitchin, O. S. Pratt, 
Simplex Wire and Cable Company 


CP58-211. Internal Oxidation Mechanism 
for Nontracking Organic Insulations. R 
Norman, A. A. Kessel, General Electric Com- 
pany 


76 


58-122. Effect of Hydrostatic Pressure on the 
Permitivity of Barium Titanate Ceramics. 
G. W. Marks, L. A. Monson, United States 
Navy Electronics Laboratory 


CP.* Electrical Characteristics of High Den- 
sity, High Purity, Titanate Ceramics. D. A. 
Lupfer, General Electric Company 


2:00 p.m. Theory and Design of Switching 
Circuits 


58-3. Minimization of Components in Elec- 
tronic Switching Circuits. 7T. J. Beatson, 
General Electric Company 


CP58-193. The Effects of Semiconductor Di- 
ode Transients on Computor Gates. H. A. 
Spang II!, Yale University School of Engineer- 
ing 

CP.* Collector Response Time from Charac- 
teristic Curves. J. E. Palmer, J. E. Lindsay, 
Radio Corporation of America 


CP.* Monostable Multivibrator Pulse Gen- 
erators. J. J. Suran, General Electric Com- 
pany 


CP58-194. Circuit Properties of Hook Tran- 
sistor Configurations. L. M. Vallese, Poly- 
technic Institute of Brooklyn 


CP.* Analysis and Design of a Transistor 
Linear Delay Circuit. R. P. Nanavati, Syra- 
cuse University 


2:00 p.m. Nucleonics—Symposium on 
Effects of Radiation on Materials 


CP.* Radiation Damage to Insulators. /]. F 
Kircher, Battelle Memorial Institute 


CP.* Effects of Radiation on _ Electronic 
Components. J. C. Pigg, Oak Ridge National 
Laboratory 


CP.* The Argonne High-Level Gamma Irra- 
diation Facility. H. Swope, Argonne Na- 
tional Laboratory 


CP.* Effect of In-Pile Radiation on Ceramic 
Triode. J. R. Crittenden, General Electric 


Companys 
2:00 p.m. Computers in Control Systems 


58-31. An Analog Computer Study of the 
Transient Behavior and Stability Character- 
istics of Serial Type Digital Data Systems. 
O. I. Elgerd, University of Florida 


CP58-231. Function Tables in Digital Con- 
trol Computers. FE. J. Schubert, Burroughs 
Research Center 


CP58-232. A Transistorized Digital Control 
System with Precision Indication of the Con- 
trolled Variable. H M. Kaufman, T 4 
Jeeves, Westinghouse Research Laboratories 


58-247. Design of Function Generators Using 
Short-Time Memory Devices and Non-Linear 
Elements. 1. W. Revay, U. §. Air Force; D. J. 
Ford, University of Pittsburgh 


2:00 p.m. Industrial Power Systems 


CP.* Recent Advances in Busway Concepts. 
C. J. Falk, C. A. Brow? 


CP58-102. Voltage Drop Determinations Ex- 
amined. R. A. Erwin, Los Angeles Depart- 
ment of Water and Power 


CP.* Power Distribution at Vancoram Plant, 
Vanadium Corporation of America F. G 
Fellows, H. F. White 

CP.* Power Systems for Small Plants Served 
at Above 15 Kv. D. B. Armstrong, L. H. 
Greutzmacher 

CP58-16. High Voltage Power Distribution 
Systems for Schook. D. T. Michael, Cincin- 
nati Gas and Electric‘ Company 


2:00 p.m. Measurements on Dielectrics 


CP58-107. lLonization Pulse Detection with a 


Institute Activities 


Slow-Sweep-Speed Oscilloscope. ( 4. Duke, 
L. E. Smith, Tennessee Valley Authority 


58-35. Measurement of Voltage Resulting 
from Single Phase Switching of a High Volt- 
age 3-Phase Transformer. I) F. Dunkle, 
W. F Mackenzie, Pennsylvania Power and 
Light Company 


CP58-49. The Development of Power Factor 
Measurement of Insulation in the Field. 
E. H. Povey, Doble Engineering Company 


CP58-108. Turboalternator Cylindrical Rotor 
Winding Tester. E. E. Stamm, Consolidated 
Edison Company 


Thursday, February 6 


9:00 a.m. Symposium on Safety Consid- 
erations in the Proposed Use of Higher 
Secondary and Utilization Voltages 


4. E. Pringle, 11, Symposium Moderator 


National Electrical Code. H. B. Whitaker 


Industrial and Commercial Buildings. KR. H 
Kaufmann 


Relative Shock Hazard. W. B. Kouwenhoven 
European Practices L. D. Price 
Air Conditioning. G. S. Jones, Jr 


Canadian Wiring Systems and Appliances. 
F. R. Whatmough 


Motors 


Commercial Structure 
9:00 a.m. Wire Communications 


CP.* Dial Switching of Toll Circuits in Inde- 
pendent Telephone Company Areas—Trans- 
mission Considerations from the DDD Stand- 
point. J. N. Petrie, Automatic Electric Com 


pany 


58-5. Nation-wide Switching of Intertoll 
Trunks—Transmission Considerations. ©. F 
Wallman, American Telephone and Telegraph 
Company 


58-4. Impedance and Return Loss Perform 
ance of Telephone Plant in Metropolitan 
Areas. L. B. Bogan, American Telephone and 
Telegraph Company 


58-214. Study of Return Losses on Loaded 
Trunk Cables and Methods Taken To Improve 
Them. G. H. Speake, Southern Bell Tek 
phone & Telegraph Company 


9:00 a.m. Production and Application of 
Light 


9:00 a.m. Electrochemical Processes 


CP58-169. An Evaluation of a High-Current 
Mechanical Rectifier. J. C. Trackmen, Brown 
Boveri Corporation T Ingate, General Ana 
line and Film Corporation; H. Buetitkofer, 
Brown Boveri Corporation 


CP.* A User's Experience with Rectifier 
Transformer Failures. F. H. Coxe, H. O 
Bourque, Ethyl Corporation 


CP.* A Planned Large Hi-Voltage Germa- 
nium Rectifier Installation. R. P. Stratford 
H. N. Hickok, General Electric Company 
George Cohma, Diamond Alkali Company 


CP.* 3,000 Kw 300 Volt D-C Semiconductor 
Rectifier. Otto Jenson, 1-T-E Circuit Breaker 
Company 


58-170. Application of Semiconductor Power 
Rectifiers in Electrochemical Industry. R. P. 
Stratford, General Electric Company 


9:00 a.m. Feedback Control Systems and 
Computing Devices 


58-90. Statistical Design Theory for Digital 
Centrolled Continuous Systems. S. § 
Chang, New York University 


ELECTRICAL ENGINEERING 


58-91. The Effect of Quantization on Sam- 
pled-Feedback Systems. /. £. Bertram, Co 
lumbia University 


CP.* Why Not Use Sine—Cosine and Encoder. 
W. I. Frank 


CP.* Accuracy Limitation of Geared-Up En- 
coder. W. Barr, W. 1. Frank 


CP58-240. General Analysis and Stability 
Study of Finite Pulsed Feedback Systems. G. 
Farmanfarma, University of California 


9:00 a.m. System Engineering 


58-165. Penalty Factors from Power System 
Equations. P. G. Lubisich, Los Angeles De- 
partment of Water and Power 


CP.* Some Applications of a New Approach 
to Loss Minimization in Electrical Utility 
Systems. T. W. Sze, Jr., J. R. Garnett, J. F 


Calvert 


58-104. Operating Experience with GEDA 
Automatic Economic Dispatching—Ohio Edi- 
son System. AR. H. Travers, Ohio Edison Com 
pany 


CP58-207. Operating Experience with West 
Penn Power's Economic Dispatch Computer. 
W. R. Hamilton, W. H. Osterie, West Penn 
Power Company 


9:00 a.m. Rotating Machinery 


58-157. A Basic Analysis of Synchronous Ma- 
chines—I. W. A. Lewis, Illinois Institute of 
I echnology 


58-197. A Complete Equivalent Circuit of a 
Synchronous Machine. / General 
Electric Company 


Giacver 


58-198. Measurement of Rotor Displacemen 
Angle on Synchronous Machines. |} 4. Ki- 
nitshky 


9:00 a.m. Switchgear 


58-127. 138Kw Metal Enriosed Isolated Phase 
Bus and Switching Struccure. AR. H. Albright, 
I-T-E Circuit Breaker Company 


58-128. Service Experience and Staged Ficid 
Tests on the 115-Kv 1,000,000-Kva Gas-Filled 
Power Circuit Breaker. # Henry, Gulf 
Power Company: R. E. Friedri F. L. Reese 
Westinghouse Electric Corporation 


58-129. 


A “New 46-Kv Low Capacity Circuit 
Breaker for Multiple Reclosing Duty. R. N 


Yeckley, R. H. Cunninghem, 
Electric Corporation 


Westinghouse 


58-114. A 46-Kyv Automatic Circuit Recloser. 
E. J. Field, 1-T-E Circuit Breaker Company 


9:00 a.m. Transmission and Distribution 


58-14. Analytical Studies of Lightning Per- 
formance of One and Two Ground Wire 138- 
Kv Double Circuit Lines of the Common- 
wealth Edison Company. F. T. B. Gross, Illi- 
nois Institute of Technolozy; R. W. Casweil, 
E. F. Koncel, Jr.. Commonwealth Edison Com- 
pany 


58-24. The Lightning Stroke. C. F. Wagner, 
4. R. Hileman, Westinghouse Electric Corpo- 
ration 


CP58-189. Anomalous Flashovers on Trans- 
mission Lines—II. C. J. Miller, Jr., Ohio 
Brass Company 


CP.* Magnetic Fields Around a Transmission 
Line Tower. J. G. Anderson, J. H. Hagen- 
guth, General Electric Company 


CP.* Lightning Current Distribution § in 
Towers and Ground Wires. 4. J. Schultz, 
I. B. Johnson, General Electric Company; W. S 
Price, American Gas and Electric Service Cor- 
poration 

9:00 a.m. Transformers 


58-112. Insulation Co-ordination of Gas In- 
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sulated Transformers. G Camilli, R 
Coates, General Electric Company 


CP.* Insuldur—Another Milestone in Trans- 
former Insulation Development. /]. G. Ford, 
J. Swiss, G. C. Gainor, M. G. Leonard 


58-155. Temperature Rise of Dry-Type Trans- 
formers. A. A. Halacsy, Delta-Star Electric 
Company 


CP.* Further Considerations on Reduced 
Transformer Insulation Levels. J]. R. Meador, 
General Electric Company 


9:00 a.m. Radiation Effects on Dielectrics 


CP.* Effects of Gamma Radiation on Sili- 
cone Diciectrics. C. E. Currin, Dow Corning 
Corporation 


CP.* The Radiation Effects 
Center. H. R. Batchelder, C€ 
telle Memorial Institute 


Information 
J. Lyons, Bat- 


CP58-123. A Method for the Evaluation of 
Radiation Damage to the Mechanical Proper- 
ties of Plastics. J. H. Kleinpeter, General 
Electric Company 


CP.* The Effects of Gamma Radiztion at 
High Temperatures on the Engineering Prop- 
ertics of Elastomer Materials. P. W. Devis, 
General Electric Company 


CP.* Conductivity Induced in Insulating Ma- 
terials during Gamma Irradiation. G. C. 
Huth, General Electric Company 


9:00 a.m. Electrostatic Processes 


CP.* A Probe Method for Measuring Poten- 
tials in Corona. G. W. Penney, R. E. Matick, 
Carnegie Institute of Technology 


CP.* Field Strength Measurements in Parallel 
Plate Precipitators. J. S. Lagarias Koppers 
Company 


CP.* Automatic Precipitator Control. L. L 
Little, Western Precipitation Corporation 


CP.* Propertics and Applications of High 
Energy Electrons. /. ( Trump, Massachu- 
setts Institute of Techm logy 


CP.* Laboratory and Field Testing on Sili- 
con Diode Rectifiers for Electrical Precipita- 
tion Service. H. D. Laube, L. J 
General Electric Company 


Theriault, 


58-229. Automatic Control of Electrical Pre- 
cipitation Rectifiers. H. E. Van Hoesen, H. J. 
White, H. J. Hall, Research-Cottrell Inc 


57-87. Some Measurements of Abnormal Co- 
rona. G. W. Penney, Carnegie Institute of 
Technology; J. G. Hewitt, International Busi- 
ness Machines Corporation 


9:00 a.m. Computing Devices and Data 
Communications 


CP.* F-M Digital Subset. L. A. Weber, Bell 
Telephone Laboratories 


CP.* Synchronizing Clock for Data Trans- 
mission. /. O. Edson, M. Flavin, A. D. Perry, 
Bell Telephone Laboratories 


CP.* Digital Data Transmission between Dis- 
similar Processing Centers. J. A. Brustmen, 
I. Cohen, H. P. Guerber, Radio Corporation 
of America 


2:00 p.m. Safety Symposium (continued 
from Thursday morning) 


Canadian Utilities. H. Hyde 
Electrical Inspection. 

Underwriters’ Labs, Inc. Requirements. 
Major Appliances. 

Utility Distribution. 

Space Heating. 

Army. 

Navy Installations. C. D. Friday 
Lighting Sources. 

Panciboards. 


Institute Activities 


2:00 p.m. Wire Communications 


58-59. A Basis for Transmission Performance 
Objectives in a Telephone Communication 
System. WV K. MacAdam, American Tele- 
phone and Telegraph Company 


CP58-236. The Planning of National Tele- 
communication Networks. C. A. Parry, Page 
Communications Engineers 


CP.* Pretied Tie for Communication Line 
Wires. C. R. Ballard, Rural Electrification 
Administration; R. R. Bouche, National Bu- 
reau of Standards 


58-239. A New Method of Frequency Error 
Correction in Carrier Systems. B. R. Stachie- 
wicz, Federal Telecommunication Laboratories 
Re-presented for discussion only 


57.907. A Tramsistorized Repeater for Use 
with the 45 BN Cable Carrier System. | 
Babin, R. Fish, Lenkurt Electric Company 


58-215. A Frequency-Converting Teiephon 
Carrier Repeater for Military Use. G. Golt 
sos, J. H. Johnston, Signal Corps Engineering 
Laboratory; R. B. Anderson, Lenkurt Electric 
Company (Re-presented for discussion only 


2:00 p.m. Communication Switching 
Systems 


CP.*.A New Teleprinter Switching System 
with Motor-Driven Selectors (TWN). E. Ross- 
berg, Siemens & Halske A.G 


CP.* An Automatic Communications Switch 
ing System. J. A. Brustman, I. Cohen, L. § 
Levy, Radio Corporation of America 


CP* STRAD—A New Concept for a Fully 
Electronic Automatic Signal Sorting and Dis- 
tribution System. £. P. G. Wright 
ITelecommunication Laboratories, Ltd 


Standard 


CP.* Communication Networks for Coded In- 
formation. J]. M. Unk, N. V. Philips Tele- 
communicatie Industrie 

2:00 p.m. Symposium: Metering of High 
Current Low Voltage D-C Power Systems 


CP.* J. H. Miller Weston Electrical Instru- 
ment Corporation 


CP.* G. B. Scheer, Kaiser Engineers 


CP.* L. H. Wolgest, Reynolds Metals Com- 
pany 


CP.* A. F. Touchette, General Electric Com- 
pany 
CP.* M. E. Reagan, Westinghouse Electric 


Corporation 


CP.* Mex Kramer, Aluminum Company of 
America 


CP.* F. Langvee, 


Canada, Lid. 


Aluminum Company of 


2:00 p.m. Transistors in Feedback Control 
Systems 


CP58-87. Some Stability Considerations in the 
Design of Large Feedback Junction Transistor 
Amplifiers. Herbert Hellermen, University of 
Delaware 


CP58-88. Silicon Transistor Performance in 
a Chopper Application. C. ( Thompson, 
J. Giorgis, Jr.. General Electric Company 


CP58-89. Application of Switching Transis- 
tors and Saturable Reactors in a High-Per- 
formance Servo. F. B. Cox, P. R. Johannes- 
sen, Massachusetts Institute of Technology 


CP58-92. Compensating Saturation in Feed- 
back Control Systems by Excess Error Storage. 
S. S. L. Chang, R. W. Archbeld, New York 
University 


CP.* Preliminary Report of Feedback Con- 
trol Systems Subcommittee on Component 
Specifications. Chairman, D. D. Pidhayny 





2:00 p.m. System Engineering and Power 
Generation. 


58-113. The Criterion of Economic Choice. 
P. H. Jeynes, L. Van Nimwegen, Public Serv- 
ice Electric and Gas Company 


58-166. Valve Point Loading of Turbines. 
G. L. Decker, A. D. Brooks, Dow Chemical 
Company 


CP58-167. Performance Computer for Steam- 
Electric Generating Units—Part I. 4 iy 
Hornfeck, T. S. Imsland, Bailey Meter Com- 
pany 


CP58-168. Evaluation of Combustion Con- 
trol-Load Control Tie-in Equipment at Niles 
Station of Ohio Edison Company. R. H 
Travers, D. B. Zelenka, Ohio Edison Company; 
H. A. List, C. Nichols, Leeds and Northrup 
Company 


2:00 p.m. Rotating Machinery 


58-199. An Advanced Concept for Turbine 
Generator Stator Winding Insulation. F. /] 
Fiynn, ¢ D. Richardson, ( E. Kilbourne, 
General Electric Company 


CP58-203. Medium Voltage A-C Testing of 
Rotating Machinery Insulation. F. §. Oliver, 
Doble Engineering Company 


CP58-204. Separation of Absorption and 
Leakage Components in High Voltage D-C 
Insulation Testing. F. R. Schleif, L. R. Eng 
vall, Bureau of Reclamation 


2:00 p.m. Switchgear 


CP.* A 1,000-Mva, 13.8-Kv Magnetic De-ion 
Air Circuit Breaker. R. C. Dickinson, Rus 
sell Frink, Westinghouse Electric Corporation 


CP58-130. A Magnetic Air Circuit Breaker 
for 350 Mva, 3,000 Amperes and 4.16 Ky. 
Russell Frink, J. M. Kozlovic, Westinghouse 


Electric Corporation 


CP58-249. 13.8-Kv Metal-Clad Switchgear with 

5-Cycle Magnetic Air Circuit Breakers Having 

Symmetrical Interrupting Ratings. / B 

tie P. G. Smiti WW 4. Carter, 1-T-E Cir 
ker Company 


58-43 4 New Design Metal-Clad Switchgear 
for 4.16-Kw Service. N. Kreekon, W. H. Lane 
Allis-Chalmers Manufacturing Company 


CP58-248. A New Magnetic Air Circuit 
Breaker for 2.3 /4.16-Kw Service. M. J]. Reilly 
tenson, Allis-Chalmers Manufactur 


2:00 p.m. Transmission and Distribution 


58-176 Arc Drop during Transition from 
Spark Discharge to Arc. C. F. Wagner, C. M 
Lane, C. M. Lear, Westinghouse Electric Cor 
woratior 

58-22 The Insulator Contamination Problem 
as Influenced by Silicone Surface Coatings. 
J. E. Conner, Southern California Edison Com 
pany i. D. Lantz, Jr., Ohio Brass Company 


58-57. Development of Corona Shields for 
Suspension Assemblies of Bundled Conductor 
Transmission Lines. J]. Kaminski, Jr., General 
Electric Company 


CP.* Radio Influence Voltages Caused by 
Point Protrusions on Bundle Conductors. 
T. W. Liao, P. A. Doyle, General Electric 
Company 


CP.* A Comparative Study of the Radio In- 
fluence Characteristics of Several High-Volt- 
age Transmission Lines. W. §. Price, Ameri- 
can Gas and Electric Service Corporation; C. 
Concordia, G. E 4ddams, General Electric 
Company 


2:00 p.m. Transformers 


58-153. Effect of Coil Winding and Process- 
ing on the Electric Strength of Class OA In- 
sulating Materials. W. T. Sackett, Jr., Kuhl- 
man Electric Company 


58-109. Economics of Design and Application 
of Transformers. FE. C. Wentz, N. Chackan, 
Westinghouse Electric Corporation 
CP.* A Medium Size Anechoic Chamber. 
T. J. Twomey 


CP58-156. The Technical Assistant Can Be 
an Aid to the Engineer. G. R. Monroe, West- 
inghouse Electric Corporation 


58-46. Cell Construction for Current Limiting 
Reactors. L. FE. Sauer, Westinghouse Electric 
Corporation 


2:00 p.m. Solid-State Dielectric Devices— 
Electroluminor and Photoconductor 
Devices 


58-150. An Electroluminescent Digital Indi- 
cator with ELPAK Translation Logic. E. A 
Sack, Westinghouse Electric Corporation 


CP.* Gain-Bandwith Limitations of Photo- 
conductors. A. Rose, Radio Corporation of 
America Laboratories 


CP.* Gains, Response Times, and Traps in 
Powder Photoconductors. H B DeVore, 
Radio Corporation of America Laboratories 


CP.* Information Display Panels Utilizing 
Electroluminescent and Photoconductive Ma- 
terials. D. B. Barker, W. L. Gardner, Massa 
chusetts Institute of Technology Lincoln Labo 
ratories 


CP58-151. New Electroluminescent§ Devices 
for Forming and Holding Images. A. Butler 
F. Koury, Svivania Electric Products Inc 


2:00 p.m. Computing Devices and Re- 
search—Thinking Machines of the 
Future 


CP.* J. B. Wie r Massachusetts Institute 


of Technology 


CP.* The Future Matching of Man and Ma- 
chine. Simon Ran Ramo-Wooldridge Cor- 


poration 


CP.* C. R. De Car 
Machines Corporation 


International Business 


2:00 p.m. Heavy Traction 


CP58-237. Some Aspects of the Application of 
Diesel-Electric Locomotives in North and 
South America. G. T. Be General Electric 
Company 


CP.* Nondestructive D« High-Potential 
Testing of Insulation Systems in Low- and 
Medium-Voltage DC Equipment | M 
Odok, General Electric Company 


58-238. Mobile Refiectoscopic Inspection of 
Railroad Car Axles on the Chesapeake and 
Ohio Railway. F. R. Hauer, Chesapeake and 
Ohio Railway Company: ¢ M. Angel 


Friday, February 7 


9:00 a.m. Telegraph and Data Communi- 
cations Systems 


58-2. Error Checking for Five-Channel Tele- 
graphic Tape. R. A. Barbeau, International 
Business Machines Corporation 


CP.* Teledata System. FE. O. Blodgett, Fri- 
den Calculating Machine Company 


58-172. Data Transmission Testing Set. J. E. 
Boughtwood, Western Union Telegraph Com- 


pany 


CP.* Recorded Carrier System. R. M. Gryb, 
Bell Telephone Laboratories 


9:00 a.m. Cathodic Protection 


CP58-58. The Canso Causeway. T. R. B. 
Watson, Corrosion Service Ltd 


CP58-95. Cathodic Protection of Under- 


Institute Activities 


ground Plant Facilities. H W. Hosford, 


Harco Corporation 


CP.* Effective Voltage on Cable Jackets and 
Analysis. G. H. Hunt, Simplex Wire and 
Cable Company 


9:00 a.m. Feedback Control Systems 


58-10. A Nonlinear Integrator for Servo- 
mechanisms. J. C. Clegg, University of Utah 


58-12. Transfer Function of Two-Phase Servo- 
motors. §. J Mikhail, University of Cali 
fornia, G. H. Fett, University of Illinois 


58-84. Obtaining the Frequency Response 
Characteristics of a Nonlinear Servomechan 
ism from an Amplitude- and Frequency-Sensi- 
tive Describing Function. 4. Stein, G. J 
Thaler, U.S. Naval Postgraduate School 


58-85. Approximate Analysis of the Drag Cup 
ACC Tachometer. / 4. Knox. International 
Business Machines Corporation 


58-86. An Analysis of a Servomechanism with 
Backlash by the Ritz-Galerkin Method. Aa! 
suhiko Ogata, University of Minnesota; C. P 
Atkinson, University of California 


9:00 a.m. Rotating Machinery 


CP.* Water Cooling of Generator Stator 
Windings. G. V. Browning, J. F. Quiland 
C. H. Holiey, General Electric Company 

58-148. Harmonics of the Salient Pole Syn 
chronous Machine and Their Effects—Part 
I1lI—The Differential Leakage of the Damper 
Winding with Respect to the Main Wave 
Current Distribution in the Damper Bars 


CP58-149. Functional Evaluation of Two D4 
Form-Wound Rotor Coil Insulation Systems 
Using a Test Formette E. S. Yate General 
Electric Company 


57-171 Evolution of the Design and Oper 
tion of Large Thrust Bearings. R.A. Baudr 
Westinghouse Electric Corporation 


9:00 a.m. Transmission and Distribution 


CP58-191 The Resistance and Reactance of 
Aluminum Conductors, Steel Reinforced 
“W 4. Le Illinois Institute of Technology 


P. D. Tuttle, Alcoa Research Laboratoric 


CP Magnetic Properties of ACSR Core 
Wire. L. Matsch, Universit f Arizona 
WW ae Illinois Institute of Technology 


5841. Current-Carrving Capacity of ACSR 
H. E. House, P. D. Tuttle, Alcoa Research 


Laboratories 


CP.* Kemano-Kitimat 300-Kyv Cross Suspen 
sion System H. B. White Aluminum Com 
pany of Canada. Ltd 


9:00 a.m. Transformers 


58-54. Line-Drop Compensator Settings for 
Automatic Parallel Operation of Load-Tap 
Changing Transformers. §. Minneci, H. FE 
Pinney, General Electric Company 


58-158. Measurement of Iron and Copper 
Losses in Transformers. 7. R. Specht, L. B 
Rademacher H R Moore Westinghouse 
Electric Corporation 


58-152. A Transistorized Bushing Potential 
Device. R. L. Stauffer, Canadian Westing- 
house Co. Ltd., E. O. Shepard, Westinghouse 
Electric Corporation 


58-159. An Improved Method of Oil Preserva- 
tion and Its Effect on Gas Evolution. W. / 
Degnan, G. G. Doucette, Jr., J. Ringlee, 
General Electric Company 

58-55. Thermal Analysis of Transformer Load 


Cycles. S. Bennon, Westinghouse Electric 
Corporation 


9:00 a.m. Semiconductors 


CP.* Thermoelectric Heat Pumping—A Sur- 
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vey. N. E. Lindenblad, R rporati of 


America Labora 


CP.* A Survey of Thermoelectric Power Gen- 
eration wWw.J an der Grinten, P. H. Klein, 
General Electric Company 


CP.* Practical Thermoelectric Power Genera- 
tion. S. J ingell Westinghouse Research 


Laboratories 


CP58-186. A One-Watt Solar Power Plant. 
D. H. Smith, Bell Telephone Laboratorie 


9:00 a.m. Electrical Techniques in Medi- 
cine and Biology 


cP 4 Survey of Imaging Devices Suitable 
for Medical Purposes. Joseph Lempart, West 
inghouse Electric Corry auton 


CP.* Density Stabilization System for X-ray 
Cine-Fluoroscopy P. A. Duff Westinghouse 
Electric Corpora n 


CP.* Electronic Capsule in Gastrointestinal 
Investigation T wD Cornell 
. 4 : Corpora 


Rae 
Rockefeller In 


CP.* Square-Wave Electromagnetic Flow 
Meter for the Measurement of Mean and 
Phasic Flow in Unopened Blood Vessels 
VU dD ¢ or cr up t “mar®r { Ta Not ” 


of Medicine; E. J. Dennard, Western Electr 


CP.* Rectilinear Co-ordinate Injection Con 
trol of Dual Reagents for Chromatographic 
Columns G. Riggle, Nat al Imstitutes of 
Healtt 

CP58-97 Some Applications of Air lon Meas 
urement J. C. Becke Wesix Elect Heater 
Company 


9:00 a.m. Computing in the IGY 


CP.* Vanguard Satellite Launching Vehicle 
D. D. Pasik, E. E. Loft, W. A. Elfers, Martit 
Company 


CP.* Computational Problems Associated 
with the Vanguard IGY Satellite Program 
J w.s Naval Research Laboratories 


CP.* Role of the MIT Computing Center in 
Visua Tracking of Earth Satellite 

Black bus International Business M 

< : 


CP.* Tracking of Earth Satellites at the Van 
guard Computing Center { i f er 
International Business Mact é 


9:00 a.m. Computers 


58-190 Train Performance and Locomotive 
Tonnage Ratings Calculated bv Digital Com 
puter J. E. Hogar Pent Ra ad 
Comnat 


CP.* A Digital Computer Program for Mul 
tiple Unit Train Performance Calculations 
R. E.§ ugon, C. P. Saaiba Westing! r 
Flectric Cor ratior 


CP.* The Application of Computers to Prob- 
lems of Transportation Equipment Design 
D. R. MacLeod, General Electric Cor ar 


9:00 a.m. Engineering Education in For- 
eign Lands 


CP.* Technical Education in India 
Maiti, Cornell University 


CP.* Engineering Education in Central Eu 
rope. W. F. Gauster, Oak Ridge Nationa 


Laboratory 


Education in England 
Institute ot 


CP.* Technical 
Den fkhurst 


Technology 


Massach usetts 


CP58-147. Electrical Engineering Education 
and Research im the USSR. P. 4 ibe 
G. F. Lincks, General Electric Company 
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Courtesy of Bethlchem S Com 


THE HOBOKEN YARD, Shipbuilding Division, Bethlehem Steel Company, advantageously situ- 
ated on the New Jersey side close to the North River Piers, is one of the largest and most mod- 
ern and efficient repair yards in the nation. The yard will be visited during a Wednesday 


morning Winter General Meeting inspection trip. 


2:00 p.m. Telegraph Systems 


5m 44 An Improved Six-Channel Time Di- 
vision Multiplex for Submarine Cable Teiegra 
phy. H.F.W er, Western Ur n Ieclegrapt 
Com par 


58-45 Automatic Telegraph Switching System 
Plan 55-4 G. S$. Vernam, Wester nics 
( : 


Teletypewriter Error Checking System 
| ’ Be Telep!t ¢ Laboraiorr 
CP.* Some Recent Western Union Develop- 
ments in Printing Telegraph Apparatus. 
FW. Sr Western Union Telegraph om- 


2:00 p.m. Storage Batteries 


2:00 p.m. Feedback Control Systems 


58-20 The Sensitivity of the Poles of a 
Closed-Loop System F } Hu 
“ he ¢ ra t 


Linear 


58-81 Limiting Values of Driving Point Im 
pedances and Transfer Functions Due to Com 
ponent Variations. She n Jone 
Aircraft ( 


Hughes 


CP58-13. Gain Variations in an Output Rate 
Stabilized Servomechanism. Ff G Trunk 
xT Corporation of Americ 


58-82 Time-Varving Analvsis of a Guidance 
System B. Fre and. ¢ umbia Universin 


58-83. Use of Phase Space in Transient Sta- 
bility Studies. S. 7. B 
f Science J}. E. Van Ne Northwestern Uni 


L exe Academy 


2:00 p.m. Rotating Machinery 


CP58-205 4 Brush Manufacturer Looks at 
Silicone Insulation. H. E. Campbell, R 

D. Snyder, General Electric Com- 
pany 


CP58-200. Axial Vibration and Noise in Ball 
Bearing Motors. E. G. Fischer, Westinghouse 
Electric Corporation 


CP58-201. Applications of Electromagnetic 
Field Theory to Induction Machines. EF. ( 
Guilford, R. M. Saunders, University of Cali- 
fornia 


Institute Acti 


CP58-206. Theory of 
Energy Converters. £ ( 


Saunders, ersitv of California 


Electromechanical 


2:00 p.m. Transmission and Distribution 


58-30. The Economics of Subtransmission 
Planning D. N Ret Vi esting! se F 


(Corporation 


58-23. Evaluation of Distribution Systems for 
Medium Load Density Commercial Areas. 


G. L. Landgren, Commonwealth Edis 


58-174 4 Protection Plan for Distribution 
Feeders. J. R. Hayden, J. E. M n. F [ 
Til Publi rv mpany of Cé 


2:00 p.m. Computers in Design 


58-162. The Practice and the Economics of 

Applying Digital Computers to Engineccring 

Problems. P. A. Abetti, S. B. Wi Get 
Electric Compar 


Philosophy of Applying Digital Com 
muters to he Design of Electrical Apparatus 
P ! fbett i Cuthbert 5 , 


(-eneral Electric Compar 


CP58-234 4 Generalized Computer Procedure 
for the Design of Optimum Svstems—Part IL. 
} Br mer . ‘ Te 


wn, Massachusetts Institute i 
olog 
CP58-235 4 Generalized Computer Procedure 
for the Design of Optimum Systems—Part Il 
R BR Br oT Massact retts Institute t Tex 


2:00 p.m. Data Communications 


CP.* SAGE Data System Considerations. 
R. G. Enticknap, Lincoln Labs.; E. F. Sci er 


Western Electric Company 


CP.* SAGE Data Terminals. R. § § 
E 


G. Speck, Bell Telephone Laboratories 


CP.* Communication Channels for SAGE 
DATA System. R. T. James, American Tele 


phone and Telegraph Company 

CP.* Methods of Evaluating the Perform- 
ance of the Al Digital Data System i 
Ruppel, Bell Telephone Laboratories 


2:00 p.m. Railroad Electrification 


58-32. The Financial Return of Railway Elec 
trification, an Approximate Method for Its 





Determination H. f 
r Gibbs and Hill Inc 


TOD Forum To Be Held 
at Winter General Meeting 


2:00 p.m. Switchgear 

The 17th Forum of Technical Commit- 
58-21. Suppression of Leakage Flux in Mag- tee chairmen, vice-chairmen, and other 
netic Air Breakers. A. P. Stron Westing 


members of the Technical Operations De 
house Electric Corporation 


partment (TOD) will be held in connec 
CP. A New Design of Low Voltage Power tion with the AIEE Winter General Meet 
Circuit Breakers. L. L. Baird, R. J. Basker ing at the Hotel Statler, New York, N. Y. 
General Electric Company 2 =. isa 
on the evening cf February 5, 1958 
CP58-131. High Capacity Current Limiting The topics scheduled for discussion are 
Fuses Today. E. M. Fitzgerald, J N. Ste 
General Electric Com; \ 


immediately related to effective technical 


operations maximum utilization of the 
CP58-6. A New 2!5 Cycle Recloser—Its Ap- AIEE organization; optimum handling of 
plication on Today's Electric Distribution 
System. JH Wiechn McGraw-Edison 
Company 


committee appointments for the 1958-59 
year; the new emphasis on Special Tech 
nical Conferences improvements in the 
processing, review, and evaluation ot 


2:00 p.m. Industrial Control ' 


ical papers; and progress in the form 


. . . tion and integration of technical gro 
CP The Application Static Switching Tech- : , : 

niques to Programming Control. VU. W. Car 
’ a. ms Os f General Electric Com- 


hin the Sections 


CP Inductrol D-C_ Drives. 


General Electric Company 


CP58-212 A Seven Times Magnetic Frequency 
Multiplier R.A. Ste Westinghouse Elec 58-138 An Electrohydraulic Speed and Load 
c Corporati Division Control for Constant Speed Air Tur- 
bine Drives. P. Dantowit: G. Nort Gen 
58-213 A Static Exciter for Aircraft A eral Electric ¢ ipany (Re-presented y title 
Generators. H. H. Britte D. L. Plette, Ger or : 


ECPD-EJC Joint Assembly 
and 25th Annual Meeting of ECPD 


[HE JOINT ASSEMBLY of En 


Professiona Development 


gineers d Assen 
Counal — tor in 1 tl 
ECPD an Engi I nt ouncal ner commemorati 
Et was ld October 1-25, 1957 of ECPD. Meeti 

Hotel atier New ul its commiutt 


sessions on th bject the atti the Asset 


Opening Meeting 
lanagement, and new dimen ] xt nnual Meeting of ECPD 
t I 1 t President M. D 


rad P 
graduate 


} 


C. €. DAVIES, secre- 
tary of the American 
Society of Mechanical 
Engineers, was the 
principal speaker at 
the Silver Anniversary 
Dinner of Engineers’ 
Council for Professional 
Development, held at 
the Hotel Statler, New 
York, N. Y 


Institute 1/ frvities 


stated that since there were representa 
tions from many societies and disciplines, 
a certain amount of co-operation was re 
quired. The president’s report brought 
out the support and help received from 
voluntary individual services not neces 


sarily encompassed 


within the eight bodies 
of the formal organization. He stated that 
this constituted a demonstration of the 
inity and solidarity of people working 
together to further the interests of the 
protession 

Thorndike Saville, a past-president of 
ECPD as well as EJC, commented on how 
well the two organizations work together 
by defining areas with less overlapping of 


' 


interests and ft 


»y regional collaborauuon 


Silver Anniversary Dinner 

Ihe feature of the meeting was an ad 
dress The Buiiders of Engineers’ Coun 
cil for Professional Development” by ¢ 
fk Davies, secretar t th American So 
ciety of Mechan ASME) 
and the first reta! of ECPD and of 
FE J¢ Speaking from the 


Engineers 
gy I background of 


protessional servi 


tly rom t ! " other countries 


Dribute 1 paid t Maver of Holland 
who prepared flow charts which gave the 


When 


{ S. delegation the best picture 
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completed, the report also will contain a sts and engineers ommuni ollece an echnologic 
pleted, tl report Cc ty Colleg d Technol al 
glossary to elucic infamiliar term ed from an at Education 





Speaking about the criteria for profes 


CaN sich TN A panel of three speakers with J. W. 









sional recognition, Mr. Saville explained lucted by Parker, past-president of ECPD, presiding, 
that in most European countries, gra ee Sci¢ sts areapated oie si. aieliaiaien: call bh, : 
lates Of ul ersities are ecog! iw 4 (, é r : , , ege a te olog ? 2 
In Great Br I r g } é } t was = a = tee si : ; 
me p of one of the three great so P , é : ee as ie 

; » Enginces yeh ere 17 re 2 pow The ce k ‘ 
United States recog1 , e. TI , sabora = ; i : p i : premunnilte ; 
cleg I he ‘ Mi Say hict > f F , ‘ : ; es’ H 

c H. H. A MoM. B g It f « é S : : 7 

iH. L. Haz ‘ 5 ‘ 

, P G 5 I " br. E. K 
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Ww R. Clark Leeds & Northrup Company +4 l Public Relations Depart 


4. A. Johnson, W esting! se Electric ¢ Ty} TWO CANADIAN MEMBERS of the AIEE examine motor of a large pump at the gas plant of 


‘ _ rt. est fe Pa . , ar Tidewater Oil Company's Delaware (Md.) Refinery. A. S. Judd (left), Imperial Oil Ltd., Sarnia, 
allace exa wer & rht 
lelity Union Life Bldg.. Box 6331, Dallas Ont., and T. J. McClean (right), Canadian Oil Company, Ltd., Corunna, Ont., were among 150 
Texas AIEE members who recently toured the Delaware Refinery, 15 miles south of Wilmington 
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personal liberty, and social progress. The 
Foundation maintains I8 offices in Asia 
which encourage and strengthen these in 
dividuals and groups in their work 

In the past 214 years, the Foundation’s 
special project, Books for Asian Students, 
has sent 600,000 selected books to more 
than 1.200 universities, colleges, libraries 
and civic groups in Asia. These books were 
donated by 700 university and college 
groups, publishers, libraries, and individ 


uals in the United States. The great need 


for books continues as evidenced by in 
creasing requests 
Your contributions of books 
apprec ited. Iten 
on the university 
good condition, published 
and works by standard 
in be sent awards i 
address: Books I al held February 
umm St., San Francisco General Meet 
York, N 
{ Fligibl 
neisco and ther t i Wil “ on May 
he Foundation | substar not mo 


course 


R. P. Crago Chosen 


Outstanding Young Engineer 


MEMBERS OF THE ETA KAPPA NU Jury of Award are: (around the table, from left to right) 
1. S. Coggeshall, director of international communications, Western Union Telegraph Co.; R. R. 
Hough, assistant chief engineer, American Telephone and Telegraph Co.; C. J. Beller, vice- 
president, Cleveland Electric Illuminating Co.; Dr. A. V. Haeff, vice-president, and director of 
research, Hughes Aircraft Co.; J. M. Wallace, manager, Meter Division, Westinghouse Electric 
Corporation; and Dr. W. E. Kock, chief scientist, Bendix Systems Division. 


graph Co.; (¢ J. Bell vice-president, 
Cleveland Electric Illuminating Co.; Dr. 
A. V. Haeff, vice-president and director of 
research Hughes Aircratt Co R R 
Hough, assistant chief engineer, American 
Telephone and Telegraph Co.; Dr. W. E. 
Kock, chief scientist, Bendix Systems Di 
vision; and J. M. Wallace, manager, Meter 
Division, Westinghou Electric Corpora 
tion 

To assist the u ward in theit 
deliberations, eact nominations 
for the Outstanding ) Electrical En 
gineer are givel rocessing 


lation 


Corporat 

N. J. He 

field of 

made parti 

In connection witl t reductior 


fluctuation noise raveling-wave tubes 


Educated at the niversity of Maryland 
Dr. Beam received the B.S.E.E. degree in 
1947, the M.S. in 1950 and the Ph.D n 
1953. He has heen extremely acti in 
civic affairs in Hamilton Township MTs 


and is an accomplished violinist 
G. W. Stagg, at age 54 is senior enginee! 


with the American Gas and Electric Sery 


ELECTRICAL ENGINEERING 





J. R. Suman To Receive 
John Fritz Medal for 1958 


I 


E. H. ANSON (left), president of the American Institute of Consulting Engineers, presents its 
Award of Merit to D. A. Quarles (HM ‘56), Deputy Secretary of Defense and past president of 
AIEE (1952-53) at their Annual Dinner on October 15, 1957, at the Waldorf Astoria Hotel, 
New York, N. Y. The citation reads “Able Administrator, noted Scientist, Leader in research 
distinguished Engineer, dedicated Public Servant, and an outstanding example of how scientific 
training, broad technical experience, and conscientious endeavor can be combined successfully 
to meet the demands of Enlightened Government in a Free economy 
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The National Industrial Conterence 
Board and the Atomic Industrial F« 
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Management Conference whict vill be a 
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J. K. Hodnette To Receive 
The Edison Medal for 1957 


Ihe Edison Medal Committee of the 
AILEE has awarded the Edi Medal tor 
1957 to J. K. Hodnette AM °25, M ‘30, 
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DOWNTOWN AREA of Tulsa, Okla. (above, left), where the AIEE Dis- 
trict No. 7 Meeting will be held March 31-April 2, 
Sunray Refinery, shown in the background, will be visited during an 


inspection trip. Above, right: 
ob 


Some committee chairmen at a 


1958. The DX 


recent 
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J. K. Hodnette 
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i’? ‘ t t 
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general committee meeting on financing of the District No. 7 Meeting 
are: (seated, left to right) J. L. Hixon, finance chairman; R. K. Lane, 
general chairman; F. N. Wightman, program chairman; (standing, left to 
right) D. M. Allison, general vice chairman; and J. H. Heller, secretary 
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Prize Rules for AIEE Papers 
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THE FOLLOWING 


ind of prizes for AIEI 


General Information 


Section Prizes 


secreta 
tive vear 
companied 
} 


when and 


i District Prizes 
responsibt ) the Prize 

mittee Li ippointed The awarding of District 
annually by the Institut 1 it in ac the responsib litv of the 
cordance \ } lat ! Institute Prizes Committee Lick 
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purpose and a committee selected to judge 


the contest 
Ihe award of the Section prize 
made at a meeting of the Section. 


Branch (Undergraduate) Prizes 


The Award of Branch Prizes Committee 
shall be appointed anually by the Student 
Counselor and shall consist of not less 

hree Associate Members, \Mlembers 
or Fellows. When necessary, a non-Insti- 
«ute member may be selected 

Iwo awards tor each Brancl ive ava 
able. The first prize consists of a certificate 
and $10 plus an allowance of 13¢ per mile 
one way for 800 miles or less and 10¢ pet 
mile one wav for the remaining distance 


to the District student prize paper compe 


I 
tition. The second prize consists of a cer- 


tificate When three or more papers are 
submitted to the secretary of the Brancl 
ol presenta 
a meeting set 
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should constitute hicle tor 


pation 


the profession. To this end, emphasis has 


1 on written presentation and 


been placed 
the exercise of engineering thinking rather 
than on technical value 


graded in accordance with the follow- 


The papers shall 
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Writte 
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1) Logical organization of 
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expression 

mate- 

for clarity, forcefulness, and inter- 

Appropriate headings are essential 
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roper choice 
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ntation 


Introduction and conclusion 
Discussion 


For purposes of grading student papers 
originality should be interpreted to in 


clude credit for (a) individual treatment 
ef the subject by the author and his ow: 
mode of expression in writing the pape 


exposition of a technique, appara 


¢ nvestigation, theory, or analy 
is original with the author. Ne 


under originality should be al 


owed for direct copying ot other work 
ard of the Student prizes shoul 
it a meeting of the Brancl 
te and District prizes for Student 
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der Institute Prizes (Section <¢ ind 


trict Prizes (Section 


Effective Date of Rules 


Procedure for Revision 





McMillan Memorial Aided by 
Portland Section Rummage Sale 


| na section 
of the AIEE held a Scientific Equipment 
Rummage Sale to raise funds to furnish 
and equip a student counseling room in 
the new Oregon Museum of Science and 
Industry in honor of the late F. O. Me 
Millan, past president of the AIEF, 1951 


ness hirms were contact | and askec 
donate “White Elephant” equipment of 
electrical, optical, or mechanical nature 


In addition, 200 posters were displayed in 


schools in the area and the Rose 
nsit Company donated 


Numerous radio 


announcements 


advertis 


all buses 


R. M. POOL; J. G. Kirwan, Portland Section chairman; and A. E. Opdenweyer (standing, left 
to right) supervise while rummage sale chairman P. M. Sweeney prices a switch for Portland 
Section Scientific Equipment Rummage Sale held to raise funds for F. O. McMillan Memorial. 
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ij © MicMillar Memorial! 

Bracchi n rY co Genera 
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Fortescue Fellowship Applicants 
Must File by February 15, 1958 


Funds have been made available for one 
or more Charles LeGevyt Fortescue Fellow 
ships for 1958-59. The awards are made to 
postgr iduate students in the field of elec 
trical engineering wl lave received thei! 
baccalaureate ful 
nized techn 
or Canada. The 
1 


be determined committer 


Candidates I the Charles 
Fortescue Fe ips should file applica 
tions on the form provided by AIEE so 
that they reach the Chairman of the Fel- 


lowship Committee by February 15, 1958 


Awards will be made not later than 
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April 2. Copies of 
are avaliable at 
\IEE Headquar 
York 18, N.Y 


Automatic Optimization J. O. BEWLEY, JR., Virginia Mountain Section chairman, from Roanoke, Va., shows J. B. Whit- 
more the membership prize gavel. This Section achieved top membership increase (79%) for 
the entire United States. Mr. Whitmore was chairman during last year's winning session. The 
group, founded in 1951, now has 230 members 


Will Be Theme of Conference 





Lehigh Valley Section 


OFFICERS of the Lehigh Valley Section and Scranton Division of the AIEE and the principal 
speaker for their dinner meeting held at the Fox Hill Country Club, West Pittston, Pa., are 
(seated, left to right) W. R. Dunkle, Allentown, chairman of the Lehigh Valley Section; Dr. W. B 
annan, secretary-treasurer O metas Knowles, engineering psychologist at General Electric's advanced electronics center who ad- 
tomatic Control Counci — dressed the group on “Human Engineering”; and F. P. Fletcher, Scranton, manager of the 
; McGra ; . Scranton Division; (stending, left to right) L. Nonemaker, Allentown, secretary-treasurer of the 
Lehigh Valley Section; R. P. Ehas, Scranton, meeting chairman; and A. Plonsky, Scranton, 

Lehigh Valley Section vice-chairman 
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WESTERN UNION ENGINEERS F. B. Bramhall (left) and J. E. Boughtwood, honored with the 
1957 d’'Humy Medal, check operation of frequency-modulated carrier telegraph circuits at com- 
pany’s New York headquarters building. The two engineers received the medal award for their 
research, basic inventions, development, and application of FM carrier to commercial telegraphy. 
Carrier equipment has created 3,370,346 miles of ‘“phantom"’ telegraph circuits of superior 
dependability, without constructing additional wires. 
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v Z rograph 


C. F. DALZIEL Weft), chairman of the San Francisco Section, congratulates D. !. Cone {right), who 
received a certificate of appreciation for invaluable service as Director for the years 1953-57. 
Looking on are W. S. Pritchett (second from left), past chairman of the Flight Test Instrumentation 
Committee and J. H. Cox (second from right), newly elected Fellow and chairman of the San 
Jose Subsection 
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AIEE in 
University of Santa Clara 


THE STUDENT BRANCH of the AIEE at the 
University of Santa Clara, Santa Clara, Calif., 
was granted its charter October 15, 1926. A 
joint AIEE-Institute of Radio Engineers (IRE) 
Student Branch was established November 
13, 1956 

Meetings are held twice a month with 
either a guest speoker or a film on some per- 
tinent phase of electrical engineering. Inas- 
much as the University is located in the San 
Francisco Boy crea, there cre many oppor- 
tunities for interesting and educational field 
trips to industrial manufacturing plants and 
laboratories 

On the University campus is locoted the 





eighth of the early California missions (right 
Originally founded by Father de la Pena and 
the Sponish Franciscans in 1777, it became 
the University of Santa Clora in 1851. It was 
the first college west of the Mississippi River 

The University’s College of Engineering 
was founded in 1912 and has grown rapidly 
in the lost few years. Plans are being made 
for the construction of a new engineering 
building in order to meet this increased en- 
rollment 
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AMONG FIRST TERM GRADUATES of the Bell System Communications Engineering School at 
Clemson College cre the first two women engineers in Southern Bell history. Reporting on class 
findings while designing a composite filter are (left to right) Mrs. Bess M. Kirkland (AM ‘52) of 
Birmingham, Ala., and Miss Wanda Carter of Nashville, Tenn. Both are assistant transmission 
and protection engineers. “‘Women are naturals,” says Mrs. Kirkland, “for coreers in engineer- 
ing. They have more imagination than men, greater attention to detail and better budgeting 
sense."' The lady engineers point to a growing trend toward engineering aids—employees be- 
yond the clerical level. There is a preference being shown, they report, for women in these 
intermediate positions. 
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DRAMATICALLY illustrating its “cube orienta- 
tion’’ as viewed through a microsope, the 
easily magnetized new silicon steel called 
Cubex is expected to bring smaller, lighter, 
and more efficient electric equipment, by per- 
mitting magnetism to turn the corners in the 
magnetic cores of electric apparatus 
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Crystal Structure Reorganized 


MAGNETIC SUPERIORITY of Cubex is pointed 
ovt by Dr. G. W. Wiener, advisory metal- 
lurgist at the Westinghouse Reseorch Labora- 
tories, in curves plotted for oriented and 
non-oriented steels. Model in foreground il- 
lustrates crystal arrangement which gives 
Cubex its unusual magnetic properties 
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Mass Production of 


Low-Power Research Reactors 


\ PORTABLE ¢ 


er! rese ( Tea 


Atom-Fueled N.S. Savannah 
Merchant Ship To Sail in 1960 
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r AtomFaiu 
first Opportunity 
Typical reacto 


down, effects of 


; ‘ PRODUCTION line 
SITTING among all the essential components : where nuclear reactors 
that make a complete AGN 201 nuclear re- : é \ are being mass pro- 
actor are Robert Mainhardt (left), general . 4 duced at the Aerojet- 
manager, and Dr. A. T. Biehl, technical direc- j = : General Nucleonics 
tor for Aerojet-General WNucleonics. White . . , y 4 plant shows units in 
discs in foreground are replicas of the fuel : various stages of as- 
discs sembly. 
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construction 
calls to 


launchi 


1959 


How It Works 


Be 


Long-Range Ballistic Missiles 


Photographed by New Optical Svstem 


Photographic Information Provided 


DETAILS of this Air Force plane are clearly 
visible although photograph was made by 
ROTI from a distance of 10 miles. Picture was 
taken at less than full focal length of system 
on high-speed 70-mm motion picture film. 


ROT! MARK I! data collection sta- 
tion (right) will provide the Air 
Force with photographic informe- 





tion on flight performance of mis- 
siles. Electronic control console for 
the ROTI (left) built and installed 
by Perkin-Elmer at Melbourne 
Beach, Fla. The station has its own 
electronic and mechanical equip- 
ment, computers, dark room, air- 
conditioning system, and mainte- 
nance section. The ROT! system is 
the largest and most complex sys- 
tem of its type ever built. 
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Stated ut systems such as ROTI provide 
an actual photographic record. Missile de 
velopment is an expensive program. The 
more information that can be obtained 

the more economically 
their d an be carried out, the 
faster I an be developed, and the 
better the an be built 

made w: the effect 


missile, 1 mn never 


certain that it will make a successful 
first flight. Radar and radio will tell when 
the missile fails, if it does. But, by study 
ing actual motion pictures of the missile 
in flight, it may be possible to tell why it 
failed. This makes a photographic track- 
ing system a valuable commodity, espe 
cially when compared with the many sci- 
entific man-hours that could be spent 


probing for a missile’s fault. 


Radioactive Neutron Decay 


Flouts “Parity Conservation” Law 


SCIENTISTS at the University of Chicago 
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theories 
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Statements 

apply to 

complicated systems, such as the 
nucleus, only indirectly. But the 

law” had never been demonstrated 

to fail in the case of the neutron itself 
Physicists from ANL and the University 
of Chicago showed precisely this failure 


by a technically difficult experiment which 
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volume ordinary radioactive 


periment can easily be concentrated in a 


tiny spot of solid material, neutrons form 


a sort of di *, invisible gas that oozes 


out of the of nuclear reactors and 
cannot | npressed by any known 
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volume 
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NBS Radiotelescopes 
Track Satellite’s Signals 
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“d nuisance 
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varying signal wl intennas 

were artifically introducing for scientific 

reasons. The result was difficult to 
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Studying the rapid changes and “bunch- 
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nique Lead-Silver 


Rechargeable Drv Battery 


LEAD OXIDE-LEAD (GRENOX 
CONSOLIDATED ANODE 








CATHODE CAN BARRIER OF MICROPOROUS 
POLYVINYL CHLORIDE (SYNPOR 


SILVER DEPOLARIZER ELECTROLYTE (40 % KOH) In 
PELLET (POROUS) ABSORBENT MATERIAL (DOYNEL- MAT) 
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newly crystals ire easily penetr ited) «wit i 


world Dr. Gulbransen described the 
and rebound discovered crystals as submicroscopi¢ 60,000-volt beam of electrons placing 
platelets of chromium oxide They torm their thickness at half a milliontl 
stressed stainless steel speci inch or less. Analysis shows them to 


ignals of the satellite were more mens which are to corroding the characteristic structure of an 
ntaining traces of negative chromium, Cr.O,. ( 
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density ionizatio on strongly 
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space red to a single 


ration conditions Working 


were not as experiments 
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propa 
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stress-corrosion crack 


Pressure Conditions 
95 Miles Up Simulated 


Strange Crystals 
May Explain Steel Failure 


OXIDE WHISKERS (left) grow on surface when 
stainless steel is high-temperature corroded by 
pure water-vapor and oxygen mixtures. Photo- 
graph, made with electron microscope, is mag- 
nified 11,200 times. Delicate crystals (below), 
magnified 9,000 times, erupt from stainless 
steel surface in corrosion studies. Scientists 
believe these cut tiny canyons in metal's sur- 
face causing stress-corrosion cracking. is % a ia amen eral 
Alperin listed 
j y I ubrican in ionospheri 


oraxin 


vironments where common lul 
known to vaporize; the operatior 


sliding contacts ind other sucl dey 


when established concepts of friction are 
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laboratory, it also becomes practical to 


test the extraterrestrial reactions of com 
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Improved Method of 


Cooling Electronic Equipment 


uent mounted on top 

is thereby subjected te 

resultagg = fror ts 
tubes and 


Power Transformers 


with Low-Sound Enclosures 


ENGINEERS test sound levels of 10,000-kva 
69-kv power transformer equipped with new 
aphonic enclosure. Preassembled steel hoods 
and use of botts of sound-absorbent material 
reduce GE transformer sound 15 to 21 db 


below recommended levels 


tomary 


former 


INTERIOR VIEW of modified equipment cabi- 

net—with all chassis removed—showing in- 

ugar a ots, dio >. ee > ternal design for heat dissipation. In this 

nyetarares ———— ; —_ atl he requires cabinet, all openings are blocked off, exhaust 

flexible piping to redu und airfiow pattern i hoods have been installed for removing warm 

air, the sides ore insulated with a 1-inch 

layer of glass wool covered with aluminum 

foil, and sheet metal trays have been put in 

to support all chassis and to provide flow 
paths for incoming air 
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Technique Developed 
for Preparation of Niobium 


Niobium has moved a step closer to- 


its expected use in missiles 
reactors of the 
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BAR OF NIOBIUM is purified in process called 
cage zone melting. The bar melts from the 
inside out as it rises through a coil carrying 
high-frequency alternating current. Molten 
metal moves along the bar, trapped by the 
bar's four unmelted corners. Entire process 
must be carried out in a large glass vessel 
with a vacuum only four billionths the pres- 
sure of atmosphere. 
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frie Week Nati 
{ 


corded on 35-mm film, which is scanned lled by flare signals generated by th led annua:iv to 


Ihe material to be transmitted is re asal tion of absolut 
to produce a signal in a manner similar system. Such control determines the proper Edison's thday 
to the techniques used in television film space path for descent and also provides Electrical Week Comm 
transmission. The resulting signal is sent a predetermined low rate of descent at Ave., New York 17, N 
out from the transmitter through a highly touchdown major trade associz 
directive antenna aimed in the direction of When used in the X-/0 under conditions industry. Purpose 
the distant receiver. At the receiv the of a 10° glide-ans approach, sinkin preciation of electri 
signal is picked up by another directive rate is dec 4.200 feet 
antenna each time it ts reflecte ! ) 

the brief life of an ionized meteor 


and the information is fed to a cathode 


Events of Interest 
to Electrical Engineers 


AUTOMATIC LAN DING . SYSTEM FUGHT TEST RESULTS 


ALTITUDE IN FEET 
600 
400 AUTOMATIC AIRPLANE LANDINGS 


11 SUCCESSFUL AUTOMATIC MISSILE 
LANDINGS OUT OF [2 ATTEMPTS 


FLARE REQUIREMENTS 


s , 65 FPS AT 490 FT ALT 
Automatic Landing System KI 
ae LESS THAN 5 FPS 


Successfully Lands Navaho X-]0 SPEEL AT TOUCHDOWN 





ALS DIAGRAM gives details from data gathered in 400 plane and missile flights and landings 
which used the Autonetics system with great success. The system can be used with the ILS or 
GCA methods and can be modified for use in hovering aircraft 


furt laptable t wvering-type HANDS OFF landing is demonstrated using MANNED oircraft and unmanned missiles use 
aircraft, according to company personnel the new ALS (automatic landing system) de- newly developed ALS, a self-contained sys- 
This ALS was developed originally to veloped by Avutonetics, Division of North tem, which has ben used successfully in more 
than 400 test landings. The system was de- 


provide smooth but firm landings for a American Aviation, Inc., to touchdown the 
high-performance missile. Rate of descent, X-10 unmanned supersonic test missile veloped for the Navaho X-10. 
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EIMAC kliystron 


powers Fliorida-Cuba 


tropospheric bridge 


Federal Telecommunication Laboratories O/H tropospheric 
equipment built for American Telephone and Telegraph 
Company and International Telephone and Telegraph 
Company spans the gap between Florida and Cuba, trans- 
mitting TV programs simultaneously with multi-channel 


telephone service. 

Each site of this joint A. T. & T. and |. T. & T. system employs 
two transmitters and four receivers to obtain space and 
frequency diversity. Radio equipment has sufficient band 


width to handle a television program and 120 or more 
telephone messages. 

In the final amplifier of the FTL 12-1 System, engineers speci- 
fied the Eimac 6K50,000LQ. This six cavity water cooled 
klystron delivers 10 kw rf output power in FTL equipment 
with a power gain of 1000 times and band widths to 20 mc. 


® 


EITEL-McCULLOUGH, INC. 


Ss AWN 6B R UN O Gc a2 & 1 


Fr oF fH 1 


Ecmac Finest for high-power amplifier klystrons. 


CO GIN SS iis co cage Se 1.62 Amps 


Number of Cavities 
Overall Length 

Outside Diameter 

RF circuitry including tube 














Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 


The Model Tele- 
meter Transmitter con- 
verts DC mv from thermal 
éetc., to 10-30 
cps which frequency mod- 
ulates a built-in audio tone 
channel. AC 10 to 
or relay outputs are also 
available. Receiver detects 
and demodulates transmit- 


1025 


Accurate 
HIGH-SPEED 


Continuous 
Telemeter 


for 


converters, 


30 cps 


ted signal, generating a 


DC mv for operation of 
VOLTS recorders or indicating in- 
AMPS struments. Up to 45 tele- 


meters can be multiplexed 

Any communication 
link, including power line 
carrier, microwave or wire 
line may be used 

Over-all accuracy is 1% 
with a response speed of 1 
second. Equipment fea- 
tures a built-in calibration 
circuit for 10% and 90% 
receiver check, and 10 cps 
and 30 
check 

Any quantity which may 
be converted into a DC 
millivoltage or will oper- 


WATTS 
VARS 
ETC. 


Built-in 
Self- 
Calibrating 
Circuit 


cps transmitter 


ate a slidewire may be tel- 
emetered 


WE CAN HELP YOU 
Our Applications Department is 
ready to ossist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100 





Write for Technical and Application Data. 


Radio Frequency 


LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 





Please mention 











INDUSTRIAL 


Address 
change 


Announcement of a 
of the Augusta, Ga. 
district sales office of The Babcock & Wil 
cox Company's Refractories Division has 


Change. 


in address 





been made. Formerly located at the com 
pany’s Augusta Works in South Augusta 
the office has been moved to Room 408 
of the News Building, 725-31 Broad St. 
Augusta, Ga. 

Olin Mathieson in New England. Olin 
Mathieson Chemical Corporation has an 
nounced opening of a New England 
sales office for Olin Aluminum at 49 Wal 
tham St., Lexington Mass The oftce 
will be managed by R. W Pierce for 
merly with the Aluminum Company of 
America, Bridgeport, Conn. The new sales 
office will serve Massachusetts, Rhode Is 
land, Maine, New Hampshire, and Ver 
mont. 

Office Move. The central regional office 
of Ebasco Services Incorporated has moved 
to the Field Building. 140 8S. Clark St 
Chicago 3, Ill. Ebasco’s headquarters are 
at 2 Rector St.. New York, N.Y.. and in 
addition to its central regional office. the 
company has offices in Dallas, Tex Port 
and, Ore San Francisco, Calif and 
Washington, D. ¢ 

Lenkurt Military Division. Lenkurt 
Electric Company wishes to announce the 


establishment of a military division. This 


division will be engaged in the develop 
ment and production ot communications 
equipment for the armed forces. It will 
function as an independent unit with its 


own purchasing activity, temporarily lo 





cated at San Carlos, Calif. This purchas 
ing activity will be headed by David Stein 
berg, procurement manager. Purchase or 
ders, requests for quotation, and corre 
spondence will be clearly identified as 
military division. In addition, all pur 
chase orders will bear the prehix “M,.” fol 
lowed by a four-digit number. 

Infrared Teflon Heating. New quartz 
lamp infrared ovens are achieving ex- 
ceptional results in the heating or sintet 


ing of Teflon. The infrared method is 
demonstrating its ability to shorten Tefion 
heating cycles to a matter of seconds, and 
radiant ovens are being used to process 
Teflon on cable and other extruded items 
with great success. Smali electrical items 
wrapped with Teflon can also be sintered 


effectively Additional data on quartz 
lamp infrared ovens is available from The 
Fostoria Pressed Steel 1950 


Bradner St 


Corporation 
Fostoria, Ohio 

Important Radar Patent. A patent for one 
of the military 


commercial developments has 


most significant and 


radar 
been granted to International Telephone 
IT&T) 


on 


and 67 
Broad St 
tion of P 
formerly 
ratories 

form of 
ships, airplanes, and for defense purposes. 


lelegraph Corporation 
New York 4, N.Y 
F. M. Gloess, a French scientist 
IT&T’s Paris, France, labo 
The patent covers the practical 


an inven 


with 


radar generally used today on 
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NOTES 


It is known as plan position indicator 
PPI) radar. Whereas radar in its original 
form enables one to pick out and measure 

















































the distance to unknown objects individ 


ually, the patented system as proposed and 


now highly developed gives a direct in 


dication of the distance and angular posi 


tion, relative to the viewer, of all objects 


within a wide angle simultaneously. Thus 


the disposition of an entire fleet of ships 


the of 
airport 


o1 all 


to 


airplanes waiting 
the 


positions 


land at an are shown on 


face of a cathode-ray tube as if on a map 


and their exact position can be directly 


read distance and angular scales 
T he 
' 


contour oft 


from the 


on the tube invention similarly will 


how the land ahead of a 


below an will draw ot 


the 
night or in 


of 


alrpiane 
tor 


fog. or will reveal the posi 


a picture 
coastline a ship approaching at 


tor 


attacking aircraft or mussiles 


Constructior 


Plant. 


powel 


Ohio River Power 
plans for a major 
the Ohio River h 

The Cleveland Electric 
pany 
rhe pli 


cent 


electric plant o1 


ave been announced by 
Illuminating Con 
Ohio 
Ohio, adja 
DY 


Cleveland |! 
Ravyland 


coal «ce posits 


Square 


int rm at 


to large and served 


river 


transportation 


name of 


I he 


istrial 


Address. 
Inc 


New Name and 
Applied Research 
firm, has 
Apphed Research 
quarters has 
Bay Road, Kenilworth 
La Salle St.. Chicago 


ind 


to 
The 
moved to 
Ill 
Ii! 


researcn 
Allen 


head 


been changed 4002 


firm $ 


Inc 


been $30 Greet 


from 135 S$ 
The l 


firm does 


research and development work on sci 
entific and technical problems for indus 
trial companies and the government. It 
was organized in 1955 as an independent 


Allen 


con 


corporation by the partners of Booz 


& Hamilton, national management 


sulting tirm 


Vacuum Casting. Large commercial 


ings being United 
States Steel's Duquesne Works 
Pa 


liminary 


are now produced at 


Duquesne 


by a vacuum method. Pre 


casting 


tests indicate that these cast 


ings, which are processed into huge tur 


bine and generator shafts, are superior in 


by 


quality to those produced conventional 
This of 
harmful gases from the molten metal prior 
to the of the 


turn is expected to increase ductility in 


methods method casting extracts 


formation ingot. This in 


the forgings and to remove their sensitis 
ity to internal ruptures. 


Facilities Expansion. Nylok-Detroit Corp 


manufacturers of self-sealing, locking, and 
parts 


pletion of a facilities expansion program 


adjusting threaded announce com 
which includes the occupation of new of 
fice headquarters in the Jaikins Building 
1100 N. Woodward Ave Birmingham 


Mich., and the acquisition of a new man 


ufacturing plant located at 1893 Barrett 
Rd., Troy, Mich 
(Continued on page 27A) 
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Regulate and control electric power 


for any manufacturing process 


better, accurately, efficiently, with 
Sorgel saturable reactors 


The control can be a 
small, manually operated, 
stepless adjusting auto 
transformer which can be 
placed in any desirable 
location, or it can be 
automatic. 


Available in ratings of 1 Kva 
to 1000 Kva single phase 
3 to 3000 Kva poly-phase 
All voltages up to 15,000 volts. 


Sorgel reactors are de- 
signed to meet your exact 
requirements. Let us know 
what your problems and 
requirements are, and we 
will submit our recommen- 
dations with complete in- 
formation. 


Also a complete line of 


dry-type transformers 


V4 Kva to 2500 Kva single phase. 
1 Kva to 3000 Kva poly-phase. 
All voltages up to 15,000 volts. 


a 
Substations 


Sorgel transformers, either dry- 
type or Askarel-cooled, are in- 
corporated in substations, com- 
plete with primary or secon- 
dary switchgear. They are pro- 
curable with any type or make 
of switchgear, and from any 
substation manufacturer. 


Some typical applications: 

Electric furnaces. 

Electric heat treating equipment. 

Glass melting equipment. 

Metal melting equipment. 

Electric ovens. 

Dimmers for incandescent and 
infra-red lamps. 

Variable speed motors. 





15 Kvoa, single phose, 60 cycle Scturable 
Reactor with voltmeter, ommeter 
D.C. supply ond monuc! contro 
































470 Kva, three phose, soturable reactor — Transformer combination with circuit breokers and 


metering. Tap switches on transformer and reactor provide controlled locd voltage in six ranges. 





SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 4, Wisconsin 
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GROUNDS IN GENERATOR 





FIELD WINDINGS 
ARE BLUE-CHIP RISKS 


New DGF d-c relay provides sensitive ground 
fault detection -- assuring service continuity. 


There are no small risks when you play for big 
stakes. Modern generating units are well up into 
the blue-chip class— and risking operation with 
a ground in field windings is not penny-ante. 

In itself, such a fault is not serious —will not 
affect the output of the machine. But a second 
ground —resulting from the same insulation or 
mechanical weakness is full-scale trouble. 

Such is the reason for development of the 
new DGF relay by Westinghouse engineers. 
Utilizing a sensitive d-c galvanometer-type 


ro 














> 
el 


the DGF through 
constant and one non-linear resistor, forming 
a voltage-divider bridge. There is no more 
reliable scheme for overall protection. 

With your dollar investment——and load con- 
ditions which will not tolerate long service 
outages, we believe you'll welcome discussion 
of the DGF with your Westinghouse relay 
specialist. You need only to call your nearby 
Westinghouse sales office--or write Westing- 
house Electric Corp., Box 868, Pittsburgh, Pa. 


J-40498 


unit, is connected one 


Westinghouse DGF -- Generator Field Protection 


20A 
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BELL TELEPHONE LABORATORIES 


DEVELOPS NEW COMPACT 
COMPUTER FOR 
U.S. AIR FORCE 


J. A. Githens, B.S. in E.E., Drexel Institute of Technology, and J. A. Baird, Ph.D. in E.E. 


Texas A. & M., check the control panel of 
omplex problems in 


} 


solves extremely 


made possibie Dy new desigr 


The United States Air Force assigned Bell Labs ‘ 
an interesting assignment: develop a new kind of 
electronic computer. The major requirement was 
greater simplicity. Of course, no computer is sim- 
ple, but this one (known as ‘“‘Leprechaun”’ to its 
designers) is much smaller and simpler than most 
of the computers currently in use. 


It has only some 9000 electrical components; 
5000 of them are transistors. As a result, Lepre- 


principles and Bell 


Leprechaun, peed computer whic} 
one-tenth of a 


a new nign-s 


second. Small size and low power are 


Laboratories’ invention of the transistor 


chaun has less than one-third the components of 
conventional computers. This facilitates testing, 


experimentation, assembly and service. 


Even in its experimental state, Leprechaun is 
a stimulating example of great strides in the sim- 
plification and miniaturization of circuitry ...a 
problem of profound interest to all Bell Labora- 
tories researchers as they develop radically new 
equipment for your future telephone service. 


BELL TELEPHONE LABORATORIES ¢ &: 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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|-T-E . 
1ew K-Line of low voltz 


first major advance in tl 
completely new design offe1 eatly increased safety 
ating efficiency, is available in three frame size rating 


600 and 1600 ar 


- 
- 
- 
~ 
- 


i 





Quick-make closure of contacts on manually operated circuit breakers is provided by spring action. 
The first 90% of the pulldown handle travel loads the springs, the last 10% releases the stored 
energy and closes the contacts. No teasing is possible. 


I-T-E announces sweeping design advances 


in new line of low voltage power circuit 
breakers and switchgear 


4h yh ¢ no 
gn StaCKInNg ¢ 


uDassembDly constr 


Quick-make manual closure eliminates 

damaging arcing, greatly increases life of 

contacts and circuit breaker—contacts can- 

not be teased together, breaker cannot be makes in sition to tn & anien not 
destroyed by careless closing against a driven, stored energy system requires only 10 amp from z 
major fault. imple power source, compared to as much as 160 amp by 


comparable solenoid mechanisms. Energy for closing ts 


Quick-make closure, formerly available only 


on electrically prestored by the new K-Line circuit breakers in 2 seconds 
( 


operated circuit breakers, now is a standard feature of all losing time ts 5 cycles 





Closed-door drawout keeps circuit breakers clean 
and aisles uncluttered, promotes operator safety 


Exclusive clesed-deor drawovt is illustrated in this series or 
a Photo 1 shows shutter lifted a oe rackin ng c 





New overcurrent trip arrangement permits use of each 
trip over wider range of continuous load conditions 


2 eRe 





-AMPERES 








r the comfy ry of the I-T-E K-l 

Normal range overcurrent Continuous 1-T-E expanded range beeen writ’ fhe jaa 7 a 

trip device ampere overcurrent trip device eakers and switchgear, see «a E represe ve 

rating Or write us for Bulletin 6004C. I-T-E CIRCUIT BREAKER 

COMPANY. Switchgear Division. 19th & Hamilton St 

This table indicates a sample er Philadelphia 30, Pa 
K-Line circuit breakers 


(1 ] I-T-E CIRCUIT BREAKER COMPANY 





COMMUNICATIONS -- 
Half the Battle / 


Will today’s communications help win tomorrow's battles? 
For a good answer, take a look at how the U.S. Army 
Signal Corps is keeping ahead of the fast-changing 
techniques of military operations — by providing tomorrow's 
communications systems foday. 


Look, for example, at the Signal Corps’ completely 
miniaturized, all-transistor carrier system for cable or 
microwave communication in the field. It is fully portable 
takes up less than a cubic foot of space, weighs only 

65 pounds (compared to 500 for comparable World War I! 
equipment). It provides 4 separate channels, offers highly 
reliable operation under severe conditions ranging 

from Arctic cold to tropic sun 

Lenkurt was selected as prime contractor for the 
development of this carrier because of its capacity and 
experience as o specialist in telecommunications systems 
for public and private use. The answer to your most 
complex communications problem may be found 

in Lenkurt's unique facilities for research, development 
and precision production of carrier and microwave 
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Industrial Notes 


New Organzation 
P.O. Box 148, Ho 


ate 


Square D Atlanta 
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How the Nepco Process 
makes Butyl better 


1. Vacuum Chamber Core Cleaning 2. Specially Designed Extruders 


After investigation, NE selected extrusion os the best method of 
applying a reliable dense, uniform insulation without trouble- 
some interfaces. Since standard extruders were erratic in their 
copacity to process Butyl rubber, NE installed new equipment 
specifically designed to slowly work Buty! rubber at its optimum 
consistency. 


All cores or copper stranding which in high voltage applica- 
tions is normally wrapped in a special semi-conducting impreg- 
ated tape is passed through a high vacuum chamber to “boil- 


off” absorbed gases and moisture from the core. 


5. Fugitive Vulcanizing Agents | 6. Pressure Vessel Vulcanization 


Vulcanizing agents that leave the by-products of the vulcaniz- NE Butyl is continuously vulcanized at over 400 degrees in a 
ing action in the insulation reduce cable service life and elec- specially designed 200 foot pressure vessel . . . long enough 
trical stability. NE has developed fugitive vulcanizing agents to permit thorough saturation of the reactive centers and to 
with volatile decomposition by-products that can be eliminated allow the Buty! to interbond with the semi-conducting strand 
from the cable construction shielding tape to form a continuous mass. 


don’t say any wire 
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t n the 


Butyl rubber has inherent characteristics that make uires special know-how and special equipment on the 

it an ideal insulating material for high temperature, part of the wire and cable manufacturer. Here are eight 

high voltage wire and cable. It has outstanding resist- things which National Electric does to get the best out 

ance to heat, ozone and moisture of Butyl rubber and make NE Butyl insulated wire and 
To take full advantage of these characteristics re- cable the most dependable on the market. 


National Electric Products 


Pittsburgh, Pa.: 2 Plants e 12 Warehouses e 41 Scles Offices 


3. Controlled Concentricity 4. Water Cushion Processing 


Every foot of cable is checked by co specic! monitoring stction NE Buty! Rubber rides into the vulcanizing chamber through a 
to mointcin o perfectly centered core and uniform wall thick- high pressure woter sec! that molds the rubber uniformly onto 
ness before the moteric! enters the vulcanizing chomber. the cable, impregnotes the interstices of the shielding tape be- 


fore vulcanization 


mit hb n + n inde 
rmits the insulation to be compounded a 


7. Pressure Vessel Cooling The inherent inertness of the Butyl rubber polyme 


Perhaps the most important port of the Nepco process. NE ; : 
Buty! insuicted cable is slowly cooled in a second pressure a much tougher and mechanically 
vessel under the same pressure cot which it was vulcanized. 
This cooling under high pressure forces gaseous by-products 


out of the insulation permits the use of volatile vulcanizing : 
twice the te 


oil base insul 
of superiority ng long term accelerated 
tests. That’s why when you plan to 


rubber insulated wire and cable 


a 8 @ say NE wire wire ... Say NE Wire. 
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CAB 


ECONOMY 
VERSATILITY 


DIESEL 
GE T 


This new compact floor mount gen- 
erator control cabinet occupies only 
5 sq. ft., and is designed for both 
single generator standby service 
and multiple set parallel operation. 
It is available for ratings to 250 
KW, 480 V. 

Instrumentation employing large- 
full-view meters is conveniently 
located at eye level. Standard 
parts including molded case circuit 
breaker, voltage regulator, and 
transformers assure dependable 
operation plus servicing con- 
venience. 

Specify current requirements for 
cost-saving details. 





TOP MOUNT 


Engine-mounted controls for 


KW, 480 vol 
service, A.C 
to 75 KW 


or DC 


220 / 480 V 


requirements to 150 
Ms . Single and dual voltage 
Also wall-mounted controls 

Standordized components 


ond circuitry for dependable operation and serv- 
ice convenience. 


TRANS-O-MATIC 


Automatic 


failure of no 


circuit 
with no 


switch 


breakers 
neutral 


transfers to emergency on 
Mechanically linked 
transfer ; 


Complete 


rmal source 
assure positive 
position possible. 


relay protection. 


ENGINE START CABINET 


Single and 5-shot interrupted crank controls for 


dependable engine starting. 


Complete cut-out 


ond alarm protection for over-crank, over-speed, 


low-oil 
operation avtomotic , test, 


ond 


water-temperature Four-position 


manual” and “off” 


Request Bulletins For Detail 


LAKE SHO 
YY 


ot 


r 


CORPORATION 
207 WILLIS STREET 
BEDFORD, OHIO 





FEEDBACK 
CONTROL SYSTEMS 
CONFERENCE 


The second Feedback Control 
Systems Conference was held 
April 21-23, 1954 at Atlantic 
City, N. J. The papers, as pre- 
pared by their respective au- 
thors are included in publica- 
tion S-63. The technical papers 
and scheduled demonstrations 
covered the following fields 
and subjects: 


Industrial regulators 

Tracer machine tools 

Process control 

Nucleonics 

Aircraft engines 

Flight path control 

Fire control 

Platform stabilization 

Flight simulators 

Computers 

Test equipment 

Magnetic Amplifiers 
Potentiometers 

Gears and dampers 

The preceding list indicates a 
wide range of applications of 


feedback control as well as the 
diversity of components. 


This 158-page publication, 
S-63, is available at the price 
of $3.50 to members and non- 
members from the Order De- 
partment 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 
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NEMA Sizes 0 and 1 


Two, three and four-pole 
construction 


SMALLER! Takes less space, whether it’s 
built into machine or mounted externally 


SMART STYLING! Matches the streamlined 
appearance of today’s modern machines 


QWIK-MAKE, QWIK-BREAK! Positive 
snap-action opening and closing of con- 
tacts. Longer contact life 


TRIP-FREE OVERLOAD PROTECTION! 
Impossible for operator to hold motor cir- 
cuit closed against overload 


LONGER LIFE! Toggle Action operating 
mechanism. Heavy-duty construction 
throughout 


EASIER INSTALLATION! Wire it without 
removing starter from enclosure. All ter- 
minals have pressure wire connectors 


EASIER 

MAINTENANCE! 
“ Off-the-Shelf" parts 
kits make norma! 
maintenance and mod- 
ifications easier than 
ever. They're easy to 
buy, easy to identify, 
and faster to install 


a r— TAMPER-PROOF! 
CHOICE OF ‘ Cover padlocking de- 


vice prevents tamper- 


ENCLOSU RES: + ing by unauthorized 


; = personnel. Safety latch 
Water and Dust-Tight 3 locks ‘start’ button in 
Henesiious ~aae , 7 una ieee 
Flush Mounting : . OF OVERLOAD! 


Self-centering push- 
buttons show when 


Write tor BULLETIN 2510 B-C | ccudinahiaasamandl 
Address Square D Company, ‘ 

4041 North Richards Street, 

Milwavkee 12, 

Wisconsin 


EC&M weavy inoustRy ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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TAN |cHRISTIE] 
SILICON 


POWER RECTIFIERS 


For Top Reliability 

® A standard line from 30 to 1000 amps 

® Closely regulated by magnetic control 

® Voltages : 8- 16-32-36 

®@ Stationary or Mobile Types 

@ For Missile, Aircraft, Lab & Factory 
Write for Latest Bulletins on 


Silicon & Selenium Power Rectifiers 


CHRISTIE ELECTRIC CORP. 
Dept. EE, 3410 W. 67th St., Los Angeles 43 
Over o Quarter Century of 


Rectifier Manufacturing 





WE CARRY IN STOCK ALL SIZES, 
ALL SHAPES, ALL GRADES 


ALNICO PERMANENT 


MAGNETS 


IN EXPERIMENTAL OR 
PRODUCTION QUANTITIES 


24-HOUR DELIVERY! 


PERMAG SERVICES INCLUDE: 


+ ENGINEERING - PRECISION 
+ PRECISION GRINDING 
CUTTING » MAGNETIZING 


PERMAG 


CORP. 
210 TAAFFE PLACE, BROOKLYN 5, N. Y. 
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NEW PRODUCTS 


Missile Weighing System. A digital weigh 
ing system has been developed by Per- 
formance Measurements Co., for deter- 
mining center of gravity of missiles and 
similar objects. The system employs two 
load cells feeding into a digital reading 
weight indicator. The two load cells con 
tain strain gauge pickups. They are 
mounted on the two hooks or saddles used 
to support the missile. Input of the digital 
indicator is alternately switched between 
Readings are then 
quickly formalized to determine the cen- 
ter of gravity point. Accuracy of the sys 
tem is said to be 0.1%. Digital indication 
is enabled through a continuous balance 
electronic potentiometer. A servo motor 
drives the precision number wheels. Litera- 
ture is available from Performance Meas 
urements Company, 15301 W. McNicholas 
Rad., Detroit 35, Mict 


the two load cells. 


Self-Extinguishing Wiring Raceway. This 
new channel is completely self-extinguish- 

of a tough reinforced phenolic 
under no cir- 


combustion, It 


annel” will 

s ipport 

direct flame, it is immed 

f-extinguishing without after 

flame is removed. All sizes 

channel raceway now 

and shipped are 

material. Complete it 

yn is provided in Bulletin No. § 
AV: le from Stahlin Brothers, Ir 

Map! t iading Mich 


Lithoflo Processor. A rev 
arts device that automatically develops 


fixes, and washes lithographic-size, cut 


itionary graph 


sheet film and negative papers has beer 
announced rhe Haloid Company, 2-20 
Haloid St., Rochester, N. Y. The ne 

machine alled e Lithoflo Processor 

said to fill the need of large printing 
houses and lithographic plants for ar 
automatic unit capable of offering extraor- 
dinary quality, uniformity, and contr 
in the developing of er ipl ic arts film. For 
further information contact the company 


Nuclear Monitoring System. The RAMS 
II (remote area monitoring system) mode] 
for detecting nuclear radiation is offere 
by Jordon Electronics Company. The ne 
] 


model is said to offer many advancen 


over previous systems of thi type 
a-c operated power supply elimi 
batteries, and will accommodate 
remote monitoring units. There 
different types of standard plug-in mon 
toring stations to satisfy all requirements 
with ranges of r 6 decades 
milliroentg yer hour and 
dicating or nonindicating m 
operating external alarm or 
vices. The control panel contains 
inch panel meter which can be switched 
and permits economical 
with no individual meter, if 
he logarithmik response of the 
monitoring chamber provides accuracy of 
+20%, of true dose rate at any point on 


the scale. Remotely operated calibration 


sources are avatiat to increase accu 
and to permit operational check at 
time. Distance between the monitoring 
point and the control unit can be 50 feet 
to 1 mile or more. Recorder terminals are 
included for each channel. For additiona 
information, contact Jordan Electronics 
Company, 3025 W. Mission Rd., Alhar 


bra, Calif 


Molded Potential Transformer. A 
Type EMP 
available for use with the _ pe 
molded Type EMR and EMO « 
Molded in 


new transtormer is tor metering ipplica 


potential transtormer 


transformers polyester 
tions, either indoor or outdoor Voltage 
rating is 480-120 volts, 60 cycles. It has 
thermal capacity of 150 volt-amperes 
will operate within the 0.3 ASA ace 
class on practically all single-meter 
stallations. Multimeter installations 
handled with the same accuracy 
fication if the over-all burden 
exceed 12.5 volt-amperes at 10 
factor. For further information 
Westinghouse Electric Corporatio 
Box 2099, Pittsburgh 30, Pa 
Thermal Ribbon. The thermal! riblx 
ovides a means of electrically detectin 
tem perature of the surface to 
Extremely flexible 
| } 


nal lag, these tt 


1 equipment 
applications where it is necessary to m¢ 
tor accurately or to control temperature 
of surface areas. Designed to operate ove 

de temperature ranges, at higt t 

inder severe physical col 
nanufactu 
in st apes and sizes by Mir 
Products, In¢ 740 Washington Ave. N 
Mir nea pc lis 1, Mir 


tions, thermal ribbons are 


I severai 


Pulse Relay 


latching relay that se 


Alternate 


alternate ci 

ipulses has been 

signated the PC, the 

mature driven rocker 
transfer 1, 2, 3, or 4 
throw snap switches 
developed by the Applications Laborator 
Potter & Brumfield, Inc subsidiary ¢ 
the American Machine & Foundry Com 
pany, Princeton, Ind. 
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INSULATION RESISTANCE 
and CAPACITANCE STABILITY 


POWER FACTOR and SOAKAGE 


F itm Capacitors, Inc., New York, manufactures f-c-i_ polystyrene capacitors are available in her- 
metically sealed glass tubes, metal shells, bathtub 


it winds ¢ asily, and testers fir j a minir 


capacitors for critical AC and DC circuitry cases, or metal cans. Operators like Styrc flex be 


n 


applications—such as bridge arm elements, filter network 
components, standards of « apacitance, RF tank circuits, stor- 


age circuits and « omputer circuits—w here stability and high 


Q are essential. 
Natvar Styroflex film is used as the dielectric in f-c-i polysty- 
rene capacitors because of its uniformly high shock resistance Natvar Products 


and excellent dielectri properties. Because of its bi-axial Vasniched euatbele—cieth end tape 


orientation during the manufacturing process, itis completely Varnished canvas ond duck 
Varnished silk and special rayon _ 
Varnished—Silicone coated Fibergics 
lt you need an insulating material with the desirable charac- Varnished papers—rope aad hott 
teristics of polystyrene—plus pliability, it will pay you to in- Stet enki 
. a Isoglas® sheet ong taBwW eIS96N 
vestigate Natvar Sty roflex. Isolestone® shanegrd, mimgo> 
and sleevingoinsmus>0b sisiq 
Viny! cocted SRedi tka he iragri! 


ond slesyi9@ 2 roitpsildu 

© Extruded vinyl PRE AOUIAPS cn 

| CORPORATION > aaa 
® Extruded identification morkers 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 


sim APS toaV OF 
mG f 29 4 
TELEPHONE CABLE ADDRESS Ask for Catalog No. 24 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


203 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY SS SS 


flexible in all thicknesses. and easy to handle. 
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New Products 


Here's Transformer Progress 


You can now obtain 214 times greater 
inrush capacity trom a modern con- instantly and simultaneously records up 
trol circuit transformer than you as 00 chnemaies of envelt Mlumeetion ks 
could get just a few years ago. Com- ; permanent chart record form, has been 
pare, for example, the inrush current 
that equally rated units can handle 
at not more than 5 percent drop 
below rated voltage. 


(Continued from page 34A) 


ry 
ol Event Recorder. This recorder, which 
a 


1940 Ordinary transformer 

with non-interleaved windings 

— 400 Percent Inrush. 

1945 Type SIO developed by 

Hevi-Duty with interleaved 

windings — 700 Percent Inrush 

1957 New Type SZO with interleaved windings, plus 
other new design features developed by Hevi-Duty — 1,000 
Percent Inrush 


Yes, the story of transformer progress is still being written 
by Hevi-Duty. 

Write for Bulletin 300 for full information on new Type 
ee ‘ : jute in} YE 
SZO. Capacities from .050 to 5 KVA. 


eA Be ELECTR ic Com PA NY announced by Brush Instruments, Di 


vision of Clevite Corporation 340° 
HEAT TREATING FURNACES HEVISEBUTY ELECTRIC EXCLUSIVELY Perkins Ave.. Cleveland, Ohio. Literature 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS giving further information is available 


t he y r 
MILWAUKEE 1, WISCONSIN from the mai 























Instrument Component or Color Identifi- 
cation Finish. A_ green-colored solutior 
formulated recently is reported to prod 
Review of Input and Output deep, lustrous black finishes on eith¢ 
H : plain zinc die cast or zinc-plated parts in 
Equipment Used in about 10 to 120 seconds of immersion 
Computing Systems time, depending on temperature range 


(March 1953) the bath The liquid, called Nero-Zin« 


applied to parts to be treated in the forn 





of a bath, into which one part of the 
The Joint AIEE-IRE-ACM Computer Conference took place on solution is added to three parts water an 
December 10-12, 1952, in New York, N. Y., to discuss the char- heated to a temperature betw t 
acteristics and performance of input-output equipment as it 150 F. For further information 
applies to large-scale electronic digital computers. The confer- ” ge ee andi 

ence was held under the direction of the Joint Committee ap- — 

pointed by the Committee on Computing Devices of the Amer- 
ican Institute of Electrical Engineers, the Electronic Computers Oil Switches and Lightning Arresters. 
Committee of the Institute of Radio Engineers, and the Council motor operated, type VR oil switct 
of the Association for Computing Machinery. now available in iditio I 


lesioned or mar l overatior 
Input-output equipment presents an ever-changing and ex- Dae eas ip sae a si 
panding problem and encompasses a very broad field of de- YH models are equipped for stich 
vices. This conference stressed those devices which have been operation. The 3-phase switches are rate 
brought to the point of working equipment by the various com- 15 kv, 400 amperes, and 110-kv basic in 
puting groups in an attempt to acquaint a large body of engi- pulse insulation level. Another new ite: 
neers with the present status of the art. The 142 printed pages is the intermediate class lightning 
contain 27 pages and discussions, representing a fairly com- rester that combines compactness a1 
plete documentation of the input-output art as it existed at the simplicity of design with stability of op 


- 2 eration and excellent protective chara 
ime of publication. teristics. Designated Type F, the arresters 


Publication S-53 is available at the price of $4.00 to members are unusually rugged mechanically an¢ 
and nonmembers. Send orders to Order Department. ga Available voltage ratings arc 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS es te ee oe 


additional information write Line Mate 
rial Industries, McGraw-Edison Company 


33 West 39th Street, New York 18, N. Y. | | Milwaukee 1, Wis 
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A General Electric Feature Since 1952 


STORED ENERGY MECHANISM MEANS POSITIVE 
CLOSING FOR AK-50, -75, AND -100 BREAKERS 


Positive closing action, made possible by energy stresses, and lowers control power needs. The spri: 
t 1 ir pring, gives G-E air circuit breakers the perated stored energy closin 1echanism | 
} 5 _ + + 


he breaker’s interrupting rating a volts Watch for coming announcements extending use of 
minimizes ntact damage, reduces mechanical this principle. General Electric, Schenectady 5, N.Y 


Progress /s Our Most Important Prodvet 


GENERAL wc) ELECTRIC 





New Products 


Continued 


Aircraft Microphone Intercom Switch. An 
unusually small, high reliability aircraft 


CORONA microphone intercommunication switch is 


now in production at Mason Electri 
Corp., 3839 Verdugo Rd., Los Angeles 

TESTING EQUIPMENT ] Calif. A momentary 2-position, split-pole 
! switch with a snap feel, the unit needs no 


cee for non-destructive evalua- replacement over long periods. Operation 


tion of electrical insulation in is fail safe, direct, and fully dependable 

transformers cables capacitors even under adverse environmental condi 
y 7 

and other electrical components. 


tions, extreme overloads, and high alti 
tudes. No relavs are needed. For more 
information, please write to the company 
attention Howard Littlefield, sales mar 

ager 








Speed Clip. Designed to accommodate and 
retain any of the popular single or mul 
tiple wire cord sizes for use on appliances 
and other products, a new speed clip has 
heen announced by Tinnerman Products 
Inc., P. O. Box 6688, Dept. 16, Cleveland 
1, Ohio. The clip with two locking steps 


is merely slipped over a wire an e 
: ; latched or compressed to the first locking 
Control cabinet and test position. The new speed clip provides ex 
Safety. simplic itv. ‘liability have been ceptionally fast assembly for either strair 
j “i Bh rp relief or plain clamping action and car 
engineered into all » Corona Testing elief or plain clamp a 


Equipment Care has been taken to make 
with terminal capacitance up to : : * 

the indicatior ro , in > and self- 
0.15 MUF and impedance to Be GIAO! P - — and self 
ground of 20,000 OHMS or 


more. (Power output maximum 


transformer available as 
separate units on casters for 


mobility, for testing specimens be mounted anywhere and at any time 


before, during, or after assembly 


Push-to-Test Pilot Light. A 
— ; +] ’ 4 new design incorporating the 
of 20 KVA at 20 KV 60 CPS.) panes ee ie ERIS : the Class 9001 

On special order this equipment ‘ ¢ y Wr 7 with a separat 

can be supplied for maximum . . ‘ . 

output power at 20 KVA at — ; ti — rical measurements. 
maximum test voltage , 


30 KV 60 CPS. corona 


test resu 


color 

positive conta 
loubt as to t 

With Nn ! l orona lest set none est | 

write for “Pus 


D Company 
testing is now. pri al as a production waukee 12, W 
control of quality ot insulating structures. 


} 
' 7 
Histlial 


de struct Val not mon by corona 


r - 4 ). ’ ectrical al 
Whatever your requireme nts in this field 12-Volt Safety Drop Cord. Elect al a 
of testing explore the comple te line of Biddle 
Corona Testing Equipment—for complete tanks, and other places that are especia 
details write for Bulletin 66—EE. hazardous electrically, will be intereste 


safety departments responsible for the 


safety of personnel working in manholes 


= in a safety drop cord just introduced. The 
TV IIo) oe aa geia bm Teo oo 
e : : ad from the line voltage and is said to 

eliminate the hazards of electric shock 
For further information, contact Sittle 

1316 ARCH STREET ; - 


Corporation, 18 N. Ada at. Chicago 
° P M A M NT } 


e ELECTRICAL TESTING INSTRUMENTS 


LABORATORY & SCIENTIFIC EQUIPMENT 
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plus new horizontal machine 


for identical, WmaSS produce d splices of 


enamel, poly-vinyl acetal and similarly coated wire 
» Poly Y Y 





| 
| 
! 
I 
' 
| 
| 
| 
| 


AMPlivar splice 
an he used on 


1 or stranded 


Cea 


IDEAL FOR ASSEMBLY LINE PRODUC. 
TION... the AMP Horizontal Auto- 
> uses AMPlivar splice con- 


b 
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Cut wiring time by v4 %G 


with the revolutionary NEW 


cradleclip HAWULID koma Ah 


TRADEMARK 

















Fixing cables the old-fashioned wrap | Fixing cables the fast, efficient Cradle- 
method it takes an average 12 | clip way notice it takes only 5 
seconds per fixing point. seconds per fixing point. 


| 


The above series of photographs dramatically il 
well-engineered appearance of the amazing ‘‘Cradleclip'’ Wiring System. This system 
consists of a series of Cradles and Binders, moulded from tough Nylon that is virtually 
unbreakable, and a series of Extensible Clips moulded from Neoprene that combines 
the right degree of toughness and flexibility to hold any type of ca 
damage. Sizes available to meet the requirements of cable groupings having a d 
ameter of 1% iach to 24% inch. Ideal for use in all c 
fast, easy and efficient the Cradles, used for anchored wiring, are screwed in 
position, the cables laid in place, and a Clip is hooked to the Cradle for unsup 
ported fixing, a Binder is held in place on one side of the cables and then secured 
in position with Clip 


ustrate the speed of installation and 


le securely without 


satic onditic 
motic conditions 


Installation is 


——" 


ADVANTAGES 
® Provides high-speed, simplified wiring operation. 
® Neat, compact, well-engineered appearance. 
@ Wiring changes can be made with extreme ease. 


FZ 
~7 re€ 


SAMPLES 
ec @ Reduces wiring costs and speeds up production. 


\_J AVAILABLE 


A PRODUCT OF 


LECTR@VERT INC. 


124 EAST 40th STREET NEW YORK 17, N.Y. 
Phone: OXford 7-8397 


Write today, with no obligation 
on your part, for your free sample 
kit. contains samples of all 
sizes of the Clips, Binders and 
Cradles 


40A 
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New Products 


Continued from 


Automatic Temperature (€ 


\ pneumatic Varitrol conti 


provides controlled variable 


or pumps in heat exct 


n developed by | 


} 
This system is 


will hold the desired I 


temperature within | ‘ 


value 


ontrol System. 
ol system that 
speed tor tans 
} 


CESSES 


cal Motors 


product 


of the 


The system provides act 


trol and is designed to give 


performance wit! i 
tion. It may be used in co 
heat exchange systems 


pressures up te 1,000 ps! 


formation write | S. Elec 


Inc., Box 2058 Terminal A 
geles 54, Cal 
Sheet section 351, page 17 
F-1882 


Explosionproof D-C Moto 
This high-precision mot 
engineer 
*TVvice Now 
ponent 


Light in Tr 
ng an eve on an airbort 
] 


High-Intensity 


ane, or Dali 


DV a new track 
Researct 
1 Ave Hopk ns, \ 


flashes 


Compact Radiation-Cooled 


os ri r idiat 


operat 
lustrial loads can 
in intermittent 
thoriated-tungsten filament 
volts, 32.5 npere The 
mediately available from s 
ther information 
FE lectre 


Duffy Hic 


Division 
tion, 250 


N.Y 


Continued or 
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f., and ask for 


niur 
operating 
For more 
Motors 
Los Ar 
Specificatior 


id Bullet 


trical 


r in Volume. 


istom 


ack Aid. Kee; 
1¢ lrone mis 


oon LS atat 


ng cevice 


In orporated 115 N 


finn. Br 


T riode 


operation 


is rated 
t iode 


tock. For 


nic 
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Your Pall jarionac brush man 


helped solve this slowdown problem! 


Motor trouble at this 44” steel mill 

caused one costly slowdown after an- 

other, says “National” Carbon Brush 

Man, John Behen. Source of the produc- 

tion trouble — excessive film build-up on 
JOHN BEHEN = one of the mill’s edger motors. 

The mill tried several brushes to alleviate this con- 
dition but with no success. They called in John Behen 
who analyzed the operation and recommended the 
proper “National” brush grade. Result: a 100 ton 
increase in daily production thanks to trouble-free 


The terms “National 


, "N” and Shield Device, and Union Carbide’ are registered trade-marks of Union Carbide Corporation 


motor performance. Incidentally, John went on to solve 
similiar brush problems on 3 of the steel mill’s 5,000 
amp motor-generator units 

John Behen and his fellow “National” Carbon Brush 
Men have been solving industrial brush problems for 
years. Their experience and training — backed by 
“National” long term brush development — make them 
the logical consultants on any industrial brush problem. 

Call your “National” Carbon Brush Man today. Or 
write National Carbon Company, Division of Union 
Carbide Corporation, 30 E. 42nd St., New York 17, N.Y. 


UNION 
CARBIDE 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation+ 30 East 42nd Street, New York 17, N. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. Is Canada: Union Carbide Canada Limited, Toronto, 
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New Products 


Rubber Mountings Withstand Tempera- 
ture Extremes. Recent announcement 
of bonded rubber vibration and shock 
control mountings which can be produced 
to operate efficiently from —65 F 

+300 F was made. These mountings 
utilizing a new broad temperature range 
elastomer, have the ability to withsta: 
temperature extremes wit! minimum 
changes in physical properties. Trans 
missibility at resonance is 3 or less at 68 F 
it is less than 3.5 at +300 F. In addition 
the broad temperature range elastomer is 
resistant to oil and ozone, and has higt 
tensile strength, high tear resistance, and 
good flex life. Inquiries should be directe 
to Russell E. Ricketts, Adv. Mg Lor 
Manufacturing Company 635 \ 
Twelfth St Erie, Pa 


Nylon-Insert Locknut. A line of 


insert locknuts of attractive design ! 


die-cast zinc alloy hexagonal nut body and 
a molded nylon compression collar for 
locking elements. The new locknut 
made by a special manufacturing 
proach which firmly anchors the 
threaded nylon collar in the nut body 

i unique manner in order to prevent the 
collar from turning or breaking out. The 


tinct divisions nvlon locking element maintains a cor 

in one teel com- ant grip on the screw threads, dampens 

pany inter related vibration, seals Out moisture, and resists 
’ 4 7 


loosening. The nylon collar tends 


specialists in their own field turn to its original shape when re 
of rlale(-teh eld elite fi singly man- : ; from the screw permitting reuse 


times without appreciable reductio 
aged. locking torque. The locking effect e 
i _ 


at any point along a mating screw eve 
if not tightened down against a seat 


Some clients take advantage surface. This new locknut will not 
resi all four others one damage to mating screw threads. A « 
7’ 


plete range of thread sizes from No. 4 


or more. , it s planned and in preparat 
are available upon request 
turer, 400 Beechwood 
N.Y 


Metal Joining Material. Intertectics, In« 


STRUCTURAL & REINFORCING DIVISION 


ral and reintor ge steel for Dulldings porated, Northfield and Forbes Rds., Bex 


ford, Ohio, has announced the develoy 


ment of a joining material 
ndustrial technique for the 
inion of simil and dissimi 
ferrous metals. Use of this new 
called “In‘erAct,” is expected 
revolutionary changes in methods of 
ing nonferrous metals in the aircraf 
PLATE DIVISION Fabricated plate products for the oil, chemi- eee. Spee, Seerele wae 
: electrical manufacturing industries, mis 
Cal and f{ essing ind tr sile tabrication, and many other types of 


industry. InterAct makes commercially 


STEEL WAREHOUSE DIVISION stributors of carbon stee ee, Sat SE, ene ae Cope 


and aluminum, until now possible only 
by mechanical means. The new materia 
also forms a permanent chemical bond 
through ion exchange between such mate 
rials as magnesium, titanium, brass, zinc, 
silver, and gold. The resulting joint is 


for over 40 years 

ION usually stronger than either of the metals 

FLINT STEEL CORPORAT involved, is frequent ¥ greater in corrosion 
resistance, and has similar electrical, 


TULSA tas MEMPHIS physical, and chemi properties 
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Hughes 
Quick Recovery 
Silicon Junction 
Diodes 








f Speeds 
high frequency or fast tcl rs 5 28 at 20°C max) mod. IBM “Y™ test circ 


t at Specifred Voltage Recovery 





And every diode is we 
igh voltages at high 


- ; 


reakcown voltage 
atures reach unexpected 
geedness, the kind that 


the most severe operat 


NEW HIGHER CONDUCTANCE TYPES — Here's a new 


group of related diodes, each with excellent volt- 
' 

age and temperature characteristics plus the added 

rd 

d 


current, 


gh conductance types are available in 
classes covered by the standard line. 
sia deniaatiainetanaacil 


Ambient Operating 





/ ‘ la 
Perhaps Ou would like to Giscuss your particuiar 





requirements with us. lf so, please write: 


SEMICONDUCTOR DIVISION + HUGHES Aircraft Company 
International Airport Station, Los Angeles 45, California 


Creating a new world with ELECTRONICS 


HUGHES PRODUCTS 


SEMICONDUCTORS 
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Now! It's Here 


GAI-TRONICS 
Transistorized 


COMMUNICATIONS 


SS 








* an effective, economical industrial communi- 
cation system designed to provide swift and 
sure voice communications regardless of dis- 
tance or surrounding noise conditions. 

















CORPORATION 
Dept. B 
READING, PENNA. 
A SUBSIDIARY 


OF GILBERT ASSOCIATES, INC 
ENGINEERS AND CONSULTANTS 
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GTC completely eliminates the 


— a ao ] 
need for costly, 


space consum- 
ing central control panel equip- 
ment and complicated wiring. 


Just two unshielded 


pairs ol 
run between stations. The 
and expense of 


failure is now a 


Stations and 
Amplifier Assem- 
installed and 


oles may be 


field-wired anywhere. Merely 


“plug-in” amplifier units when 
ready to use. Installation, main- 
tenance and ex- 

pansion costs 
drastically 


lop 
reduced. 


GTC is extremely flexible in ap- 
plication. Write today for a copy 
of our completely illustrated, des- 
criptive booklet. It’s yours free 
ME 


vhen writing to 





TRADE LITERATURE 


Plastics Folder. A full-color folder which 
points the way to new products, new uses, 
ind new markets through the use of 
Plaskon molding compounds has been 
prepared for designers, molders, and man 
ufacturers. Products made of Plaskon 
urea, melamine, and alkyd molding com 
pounds and Plaskon nylon molding and 
extrusion compounds are listed and illus 
properties which 
molding compound ideal fo: 
these specific applications are briefly de 
Designated P-95, the folder is of 
fered by Barrett Division, Allied Chemical 
« Dve Cor] 10 Rector St., New York ¢ 
N. ¥ 


trated Outstanding 


make each 


scribed 


Adjustable Speed Drive Selector. GEN -/69 
i slide r e tvpe plasti € e designe 
assist in sele ng th yroper motor, con 
yl panel, z r's station of a gen 
ral-purpose Thymotrol (registered trade 
rk) adjustable speed drive. The selector 
t integral drives 
slide at the 
ippropriate ratings 
and model num 
Als 
luded the fold-out are lists of 
standar tures, perforn 
ince characterist and ordering instr 
tions ! lecto available at Genera 
Electric itus sales 
fices, or Genet 


N. ¥ 


Wide-Range Pulse Generator Bulletin. A 
ide range pulse generator, Type / 
illustrated and 
illetin re 
poration, Electronic Instruments Divisior 
1209 Vine St., Philadelphia 7, Pa. The unit 
3 , : 


discussed in the 


> controlle 
the front 


a posi 


hle ror 
able trom 
Hulletin are 


compa 
I 


Instrumentation Tape Bulletin. Magnet 
tapes for instrumentation recording a1 
the subject of an illustrated booklet fre 
upon request from Minnesota Mining and 
Manufacturing Co Dept A7-306, St 
Paul 6, Minn The &-page wOokKIeL COVE 
six types of “Scotcl rand instrument 
tion tapes for use in telemetering ind alt 
borne recording nachine tool contro 


eophvsical recording 


systems, computers 


ind other instrumentation applications. It 
cluded are charts listing physical and mag 
netic properties of each of the precisior 
tapes and a comparison chart summary of 
major factors in selecting a tape for a 
particular application 


Continued on page 50A 
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I-T-E ANNOUNCES 
NEW 100 amp 480 V 
“EH” FRAME 
CIRCUIT BREAKER 


Reduces mounting space requirement by 40% 


desigi 


22.2 ‘ 
loided Case CIrcull 


The new “EH” frame breaker is ideal where 
intermediate voltage and interrupting 
ings must be handled, and space is 
premium. Specify the I-T-E “EH” frame 
and benefit from the compact design advan- 


tages which this new circuit breaker provides. 


Contact your local I-T-E sales office or 


write I-T-E Circuit Breaker Company. 


/atile SMALL AIR CIRCUIT BREAKER DIVISION 
‘HT I-T-E CIRCUIT BREAKER COMPANY 
be 3 19TH AND HAMILTON STREETS. PHILADELPHIA 30. PENNSYLVANIA 


JANuaRy 1958 ease mention ELECTRICAL ENGINEERING when writ 


advertisers 





COMPLETELY 
SEALED 


100% 
CLASS H 
INSULATION 


OUTDOOR 


AND 


INDOOR 


USE 


HERE IS A DRY TYPE 
DISTRIBUTION TRANSFORMER 
THAT HAS EVERY FEATURE 
YOU WANT... 


Totally sealed construction keeps out moisture 
and dust. No need to clean coils. 

Class H insulation throughout will withstand 
150° C. temperature rise on windings. Enclo- 
sure temperature rise only 40 

Completely weather proof; can be used out- 
doors as well as indoors. 

Quickly installed in most convenient location. 
Only three points for bolting to column, beam 
or wall. 

Spacious wiring compartment allows ample 
working room for making connections and in- 
stalling conduit. 

Solderless, clamp type connector terminals on 
rigid insulating board facilitates making sec- 
ondary connections. No joint taping necessary. 
Complete connection diagrams and technical 
data permanently available on etched metal 
nameplate. 

Knockouts are conveniently located on sides, 
back and bottom to simplify conduit 
installation. 

Transformer cases are metal primed and fin- 
ished with three coats of quality metal paint 
NEMA indoor gray. 

No price increase over ventilated class B types. 





R4et 
4 


Detroit 


San Francisco 


Chicage Thousands of positions available 


Qualified Engineers! 


Engineering Societies 
Personnel Service 


Job Opportunities 
“ with leading firms here and abroad 
Employer pays fee in many cases 


World-wide contacts and 


affiliations 


Write for weekly E.S.P 
Positions Bulletin 

See Personne! Section of this 
magazine for partial listin« 


ae 
vl 
jobs 


Register Today 














For the least expensive and finest terminal 
blocks—superior to any, made in screw, sol- 
derless connector or aluminum type use the 


Add-A-Point made by 


THE WAMA COMPANY 
BALTIMORE 2, MARYLAND 


For a free sample, please write to Dept. E 





























Prompt Shipments is our Specialty! 





Available in single phase, 5 KVA, 714 KVA and 
10 KVA: Three phase 9 KVA and 15 KVA 600 
volts and below. All units carried in stock for im- 
mediate shipment. If stock is temporarily depleted 
units in production can be shipped promptly. 


ACME ELECTRIC CORPORATION 


221 WATER ST. CUBA, NEW YORK 
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Change of Mailing Address 


Name ... 
New Street . 

Mention 
City & State, Zone No. . 


Membership No. s shown in your mailing address) 


To assure a correct entry in the YEAR BOOK please also furnish: 
Company Name 

Company Address 

Department . 

Title (if one has been assigned) 

Home Address . 


Are you a registered professional engineer? 
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INDUSTRY’S MOST ADVANCED DESIGN! 


FRONT VIEW 


(unmounted) 


Direct reading dial 
is calibrated to 120 
on one side—132 on 
the other, for line or 
overvoltage connec- 
tions respectively. 





3/8-32- 
BUSHING 


NON-TURN- 
PROJECTION 
3/32 HIGH, FITS 
3716" DIA. HOLE 


WRITE FOR BULLETIN151 gYM/7g 


OA MITE’ 
17 


VARIABLE 
Transformer 


MORE CAPACITY FOR EQUAL SIZE 


MODEL VTIRS5—1.5 AMPERES. The rating of 1.5 amperes 
represents a continuous current rating at any brush setting 
even at full overvoltage! This “bonus” in current capacity is 
the result of a unique core design by Ohmite. This new com- 
ponent from Ohmite is made to the same high standards as the 
famous Ohmite resistors, rheostats, and other components. 
Other models in larger sizes will be announced soon. 


In addition to its greater capacity for equal size, the new 
Ohmite VARIABLE TRANSFORMER, representing indus- 
try’s most advanced design, features the following quality 
features: 


e@ Heavily Plated Rhodium Brush Track . . . Generous, nonoxidizing 
plating assures unsurpassed life under demanding conditions. 


Positive Current Transfer . . . The contact arm carries no current 
in this unit! A pigtail shunts the current from the brush, directly 
to a large copper-graphite slip ring which contacts a large area 
of the terminal. The spring-like contact arm provides its own 
completely independent pressure. 


Rugged INTERNAL Stop eliminates possibility of damage to con- 
tact arm and brush due to application of torque at rotation limits. 


Ceramic Hub... . Mounts and aligns the contact arm, provides 
3000 volts ac insulation between parts at line potential and shaft. 


AVAILABLE FROM STOCK: 
SPECIFICATIONS—MODEL VTIRS 
INPUT VOLTAGE—120V, 60 CYCLE. 
MAX. OUTPUT AT ANY BRUSH 

SETTING—1.5 AMPS. OUTPUT 

VOLTAGE—0-132—0-120. 

ANGLE OF ROTATION—320°. 

Includes knob, reversible dial plate, 

washer and nut. 

Tandem assemblies available soon. 


BACK VIEW 


f] T fe ® RHEOSTATS - RESISTORS « RELAYS - 
TAP SWITCHES + TANTALUM CAPACITORS - 


Components ? VARIABLE TRANSFORMERS 


OHMITE MANUFACTURING COMPANY 
3614 Howard Street, Skokie, Illinois 
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NOTw 
ING TAKES THE PLac 
E OF 


NINE YEARS PROVE THAT NOTHING EQUALS 
CURRENT LIMITING ABILITY 


AND WIDE SCOPE OF APPLICATION 


Amp-trap® — Form 600. Provides back-up protection for circuit breakers, mo 
listribution equipment. Prevents thermal and mechanical damage from short 


high available current. Runs “cool.” (Ask for Bulletin No. 514-7) 


Available in Ampere Ratings of 60. 100, 200, 400. 800 and 5000. Inte rrupts 1 


85,000 Amperes at 1000 Volts. (Ask for special informatio: 


Amp-trap® Form 208 For 120/208 Volt A.C. Circuits. Interrupts up to 560,000 Amps. 
Anticipates and prevents build-ups of heavy fault currents and gives arcing fault prot 
Runs “cool” because it has very low watt loss. ( Ask for Bulletin No. 514-8) 


Amp-trap® — Form 101 — For 65/130/250 Volt circuits in rectifier. electronic and power 
applications. Built in many ratings such as |. 2. 4.5. 7. 8. 10, 12, 15. 20. 36. 100. 150. 

250. 300, 350. 400. 600. 800. 1000. 1200. 1500. 2000. 2500, 3000. 3500, 4500. 5000. 6000. 
8000 and 10,000 Amps. Interrupting tests in the highest power ranges show that Form 101 
becomes current limiting at about 4 times its normal current rating. This has never been 
achieved by any other protective device Ask for latest bulletin. ) 


Amp-trap® Form 480 — For A.C. circuits up to 600 Volts — D.C. circuits up to 250 Volts. 
Made the 480/277 (now 460/265) Volt high power network systems possible. Interrupting 
tests up to 500.000 Amps. prove that this is the only Current Limiter that meets this system's 
requirements for both interrupting and arcing fault protection. Runs “cool.” 


(Ask for Bulletin No. 514-9) 


When you want to anticipate and prevent destruction from current or arcing faults in all 
general power or electronic circuits, call on us here at Chase-Shawmut. We'll help select the 
right Amp-trap for your particular application. There is one for every purpose. 


®Amp-trap is a registered trade name of The Chase-Shawmut Co. and refers to a current limiting device and herein is 
written Amp-trap 

Amp-trap is covered by one or more of the following patents: 2,557,926: 2,592,399: 2.594.: 599,646; 2,647,970; 2,653,203; 
2,658,974; 2,662,140; 2,665,348; 2,670,418: 2,681,398: 2,703,352: 2.713.098: 2.734. a ‘ ; 2,734,112; 2,740,187; 2,740,735; 
2,761,932; 2,770,757; 2,777,033; 2,781,434; 2,794,095; 2,794,096: 2, : : 


‘ 
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Cnot fuses) 


Available in Ratings 
from 4, Amp. to 10,000 Amps. 


PROVEN 


The ORIGINAL Current Limiter with ratings up to 5000 Amperes. 


The ONLY complete line of Current Limiters. 


The ONLY Current Limiter that has been proved both in the laboratory and on-the-job 
again and again. 


The ONLY Current Limiter that can interrupt 200,000 Amperes symmetrical over the 
entire Ampere Range. 


The Amp-trap is a true Current Limiter beca 
circuit currents before they become destructive 


high powe r circuits, 


3. amp.tn aps — >Suake “4 The Sunleh 


THE 
373 MERRIMAC STREET + NEWBURYPORT, MASSACHUSETTS 


Subsidiary of |-T-E CIRCUIT BREAKER CO. Philedeiphia, Pennsytvenia 


JANUARY 1958 Please mention ELECTRICAL ENGINEERING when writing to advertisers 





TELEPHONE AND TELEGRAPH EQUIPMENT 


Radio Engineering Products is currently producing a number of types of equipment, 
electrically and mechanically interchangeable with standard Bell System apparatus. 


CARRIER-TELEPHONE EQUIPMENT 


C5 Carrier-Telephone Terminal (J68756). A kit for adding a fourth toll-grade channel 
to existing C systems is available. * Cl Carrier-Telephone Repeater (J68757) © 121IAC 
Carrier Line Filter * H Carrier Line Filter (X66217C). 


CARRIER-TELEGRAPH EQUIPMENT 
40C1 Carrier-Telegraph Channel Terminal (J70047C) « 
(J70036Al, etc.) © 40ACI Carrier-Telegraph Terminal. 

VOICE-FREQUENCY EQUIPMENT 
V1 Telephone Repeater (J68368F) * Power Supply (J68638Al) © VI Amplifiers 
(J68635E2 and J68635A2) * V3 Amplifier (J68649A) * V-F Ringers (J68602, etc.) © 
Four Wire Terminating Set (J68625G1) © 1C Volume Limiter (J68736C). 

D-C TELEGRAPH EQUIPMENT 
16B1 Telegraph Repeater (J700378) * 10E] Telegraph Repeater (J70021A) © 12882 
Teletypewriter Subscriber Set (J70027A). 

TEST EQUIPMENT 
2A Toll Test Unit (X63699A) * 12B, 13A, 30A (J64030A) and 32A (J64032A) Trans- 
mission Measuring Sets * 111A2 Relay Test Panel (J66118E) * 118C2 Telegraph Trans- 
mission Measuring Set (J70069K) * 163A2 Test Unit (J70045B) © 163C] Test Unit 
(J70045D). 

COMPONENTS AND ACCESSORIES 


255A and 209FG Polar Relays * Repeating and Retard Coils, several types * 184, 
185, 230A and 230B Jack Mountings. 


RADIO ENGINEERING PRODUCTS 


1080 UNIVERSITY ST., MONTREAL 3, CANADA 


TELEPHONE CABLES 
UNiversity 6-6887 RADENPRO, MONTREAL 


140Al1 Carrier Supply 





Trade Literature 

‘ \-ray Process Control Folder 

Small Tool Catalog. A 184-page _ 6a a. 
No. 216 describes and illustrates small pein pal. + Instrumes 
Ce : Philiy ronics, I 

and precision equipmer designer Ful 4 Mf \ NO 

; ilton Ave ount Vernon 

work on small instrument parts ar am ' , —— == 

ed uses. Free to rated companies 

juest on letterhead. C. & E. Marshall 


Box 7737, Chicago 80, Ill. 


Microfilm Systems Reprints. A series of 2 
eprints of articles relating to uses of 
crofilm and Filmsort aperture cards and 
engineering department i 

office procedures has been pre 

pared by the Filmsort Division, Dexter 
Folder Company (a Division of Miehle 
Inc 50 S. Pearl St., Pearl 
River, N. Y. The articles, most of them 


Film Cleaning Booklet. The most 
information available on the use an 
lication of Freon-TI 
irk) solvents to motion picture filn 


registered trade 
: . (,oss-Dexter 
eaning is presented in a booklet whict oss-Dexte 
s chemical and physical properties of : 
- case histories of control, filing, and repro 
duction of microfilmed drawings and rec- 
1 > Y Ce ] —] 
: . ords, are fror € t - rnals 
equipment. For further information con x : from recen technical mere 
: . d isiness magazine . . t 
. £. i. de Peat é: Nemeen: &. Go me ) € lagazines. These reprints 
Inc.), 2420-11 Nemours Building, Wil oe 


ivement, engineers, and system and me 


he solvent and tells how to use it in both 
hand cleaning and machine cleaning 


le without charge to man 


ngton OR Del 


Corrosion Resistant Solid-Film Lubricant. 
\ long series of tests has been completed 
n the latest one-coat “corrosion resistant” 
id-film lubricant manufactured by 
Electrofilm, Inc., P. O. Box 106, Nort! 
Hollywood, Calif. This new formula, 
ibeled 66-C, meets all the requirements 
MS L-25504 without sacrificing either 
e long wear life or frictional properties 
herent in other solid-film lubricants 
For additional information write to the 
ompany for Electrofilm Technical Bulle 
in No. 2055. 
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TRANSACTIONS 


Volume 75 of the 1956 Transactions 


containing all the technical papers | 


| approved by the Technical Committees 


which were presented during the year 


| is now ready for distribution. 


| The Transactions are a complete record 


of advancement in the art of electrical 


engineering during the year. 


This volume in three parts, each bound 
} in cloth, size 842 
| papers, 3.028 pages. including dis- 


( 112, contains 446 
cussions. Each part is separately 


indexed by subject and by authors. 
Annual subscription prices are as follows: 


Prices 





Non- 
Member member 





Part 1 Communica 
tion and Elec 


tronics 


Part II Applications 
and Industry 


Part III Power Ap 
paratus and Sys- 
tems 


All three parts each 
separately bound 


Any two parts each 
separately bound 


*Subscription price and 75 cents extra 
for foreign postage both payable in 
advance in U. S. currency. 


**Subscription price and $1.00 extra for 


| foreign postage both payable in ad 


vance in U. S. currency. 


Discounts 25% of above nonmember 
prices to colleges and public libraries. 
Publishers and subscription agencies 
15% of above nonmember prices. 


Order now—-the Edition is limited. 


Send all orders to 


Order Department 
AMERICAN INSTITUTE 


of 


ELECTRICAL ENGINEERS | 


33 West 39th Street, 
New York, N. Y. 
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| DESIGNews | Magnetic Metals Company designs and produces 


Stamped and tape wound cores and shields 
for the electrical and electronic industries 


The ultimate in tape wound cores 
CENTRICORES 


Precision manufacturing methods are 
used to obtain closely matched magnetic 
characteristics, including high thermal 
stability. Centricores matched at room 

will remain matched over 
wide temperature ranges 


bm SEND FOR BULLETIN D7. 


DRE ET en aS 


Mass-produced .. . Precision-made 
Magnetic Core Laminations 


Motor laminations are produced to clos 
I 

specifications from customer-owned 

I 

dies. Our representative will discuss y 

needs. Transformer laminations 

wide variety of shapes and sizes 


— a 
nade from standard dies 


Bm SEND FOR BULLETIN Al. 


Drawn or formed 

MAGNETIC SHIELDS 

Provide efficient protection of sensitive 
electrical equipment against stray mag- 
netic fields, and effect a high ratio of 
field strength reduction. A wide range 
f single and multiple shield structures 
re available from existing tools. 


m SEND FOR BULLETIN F1. 


a 


@ as 


 MNGNETIC METIS (0 


ELECTROMAGNETIC CORE PARTS AND SHIELDS + HAYES AVENUE AT 


Dy 


« CAMDEN 1, N 


51A 





Contracto:: 
Thomas Reed & Son, Joliet 
Electrical Distributor 
Englewood Elec. Supply, Chicago 


Specify PTc PRECISION Troushoumors! 


eeting and exceeding NEMA requirements and backed by the 
Industry's only 5 YEAR GUARANTEE PTC monufoctures c com- 
plete line of air-cooled and liquid-filled transformers for every 
power distribution need 
DRY: All Class B Insulation Thruout—No Exception, Structure 
Steel Welded Construction, Low Density Steel, Lomination In- 
terleaving, Vacuum Impregnotion Thru Several Cycles, Fina! 
Mico-Bond Emulsion Dip, Engraved & White Leaded Markings 
Large, Exponsive Sturdy Ponels 
Wet: High Internal Pressure Resisting Circular & Oval Tanks 
Grain Oriented Steel in Wound Construction, Welded Interna! 
inte t Bracing, Oil Vocuum impregnation Thru Several Cycles, Light- 
eat: weight & Small Cross Sectional Area, Excellent Electrical Chor- 
r acteristics 
For every Lighting and Power Distribution application 
Be Precise Specify Precision 


_ PRECISION 
for complete TRANSFORMER CORP. 


Catalog and Data Sheets . 2218 W. Lake St. © Chicago 12, Ill 





Trade Literature now availat rom Sonneborn Sons 
I icts Division, Dept 
New York 16, N. ¥ 


Continue 


Electrode Guide. 

Pocket Guide which ontains informa 

tion essential to anyone concerned wit! 

usir electrodes is now avai 

An iong the many helpful features of 

e booklet is an electrode consumptior 

] ator, n tabular form which pro 
vides data for calculating consumption per Pulse Transformers Catalog. A 12-pag: 
near foot in the welding of various catalog describing pulse transform 
types of joints. A copy of the catalog may , roids, and f . 
be obtained by writing to Air Reduction 
Sales Company, a Division of Air Reduc 
t10n Company Incorporated 150 E. 42nd outline typi uses. A free copy of Pulse 
st New York 17, N. Y. Specify form Engineering atalog C201 may be ob 
iDC 650G tained by writing: Pulse Engineering, 265 

itv, Calif 


ters is now available. I 
circuit applications ane 
ising schematic diagrams to 


D-C Power Selenium Rectifiers. A 12-page 
illustrated bulletin, discussing the advan 
tage of “Selenium Rectifiers for High Volt- : cS . ; 
ave D-C Power Supplies,” is offered by Beta wir ation : a ponat micro-velvet” (registered 
trade mark) balls, including lapped high 


Micro-Velvet Balls Bulletin. Complete in 


Electric Division, Sorensen & Company . 
333 E. 108rd St., New York 29, N. Y. In carbon chrome balls accurate within a 
this technical paper, Dr. Victor Wouk millionth of an inch, is contained in Bul 
Beta Division manager, examines the ad 
vantages and disadvantages of employing 
selenium rectifiers in higher voltage d-c 
power supplies. The economics of selenium plication and design data are provided 
rectifiers versus high voltage rectifier tubes for Hoover balls of chrome steel, stainless 
is also discussed. A bibliography is in steel, brass, bronze, and monel in various 
cluded. Copies can be obtained by writing grades and in sizes ranging from —" 
to the company. teenth of an inch to 414 inches in diam 
eter. Copies are available from R. W 
Ebey, Hoover Ball and Bearing Company 
Lennox at Hoover, Ann Arbor, Mich. 


letin No. J01, recently announced by 
Hoover Ball and Bearing Company. De 


tailed 


specifications as well as helpful ap 


Preventive and Protective Coating. A 4 
page brochure outlining applications and 
advantages of a rust prevention system is Continued on page 72A 
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You Can Keep Your Copies 
of 
ELECTRICAL 
ENGINEERING 
in Orderly Fashion 
and Good Condition 


Practical attractive binders that 
hold the issues of ELECTRICAL 
ENGINEERING for one year are 
now available. Your copies may 
be easily and quickly inserted, 
and can be removed readily, if 
necessary. 


Binders have stiff covers of heavy 
quality dark blue imitation leather, 
round corners, and are embossed 
on the cover and backbone with 
the title, the Institute's emblem, 
and the words—Jan.-June; July- 
Dec. 


The binders come in sets of two, 
and at a cost of $4.00 per set (no 
discounts allowed), with postage 
prepaid, may be obtained from 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 


ELECTRICAL ENGINEERING 





Standards on electrical machinery and apparatus chiefly devoted to 
N ARDS defining terms, conditions. and limits which characterize bebcvior. 


with special reference acceptance tests. 


Approved as / 
ee 3 “ytd 
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“We cut Electrical Installation 
Costs and gol better protection 


4a ee 


installing Fusetron Fuses 


suuchout our New Dairy Plant!” 


Wr. Oyala continues... 


“In our new dairy plant in Portland, Fusetron 
dual-element fuses saved us about $800 by en- 
abling us to use the proper switch sizes for the 
motor disconnects. This was possible because 
the long time-lag of Fusetron fuses permitted 
us to install them in smaller sizes than would 
have been possible with ordinary fuses. 


“In addition, we were able to reduce the 
space required by the control centers. 


“The Fusetron fuses were installed in sizes 
small enough to give us motor-running protec- 
tion as well as motor branch circuit protection. 


ELECTRICAL SUPERVISOR 
Fred Meyer Co. Portland, Oregon 


“The result of this has been the prevention 
of motor burnouts. Not once in the past year of 
operation has a Fusetron fuse failed to protect 
a motor. We have 138 motors, ranging from 
1,40 H.P. to 100 H.P., and all are protected 
by Fusetron fuses. 


“Both Mr. Eric Christenson, whose com- 
pany contracted the electrical work, and my- 
self believe that by installing Fusetron fuses 
throughout our entire plant we got top pro- 
tection at a cost lower than could have been 
obtained by any other method.” 


FUSETRON DUAL-ELEMENT FUSES PROVIDE SAFER, MORE DEPENDABLE PROTECTION 


Only Fusetron fuses provide 10 point protection 


not possible with any other type of protective device 


Thus, wherever a Fusetron fuse is installed you 
have safety as sure and dependable as you can buy 


no matter what you pay. 


AND FUSETRON FUSES REMAIN SAFE THROUGH THE 
YEARS...NO MAINTENANCE COSTS 


Once properly installed Fusetron fuses are mainten- 
ance free. They require no costly inspection or down- 
time for calibration and other maintenance necessary 


on mechanically operated devices. 


Dust, fumes, corrosion or age cannot prevent a 
Fusetron fuse from opening safely. There are no 
hinges, pivots or contacts to stick or slow down the 
operation of the fuse on short-circuit. 


For more information on FUSETRON dual-element Fuses . 


NO RECALIBRATION COSTS 


When a Fusetron dual-element fuse does bl 
is no recalibration needed. As quickly 
the circuit is corrected, you slip in a nev 
new Fusetron fuse is just as it came from the 
accurately calibrated and ready 


protection 


safe, dependable, coordinated | 


one it replaced 





FOR LOADS ABOVE 600 AMPS.—USE BUSS Hi-Cap 
FUSES to coordinate with FUSETRON Fuses. 

On 600 voits or less, BUSS Hi-Cap fuses have oan interrupting 
capacity sufficient to handie any fault current regardiess of 
system growth 

They can be coordinated with Fusetron fuses on feeder and 
branch circuits to limit fault outage to circuits of origir 


Write for bulletin HCS. 





Write for bulletin FIS. 


BUSSMANN MFG. DIVISION McGrow Edison Co. 


Jniversity ot Jefferson 


ELECTRICAL ENGINEERING 


ELECTRICAL ENGIN 

















WILLIAM J. OYALA 
Electrica! Supervisor 
FRED MEYER CO 


Play Safe! Install Fusetron dual-element fuses and BUSS Hi-Cap 


Fuses throughout entire Electrical System! 


TRUSTWORTHY mames im 
f.ecTarcas PROTECTION 


January 1958 














For full ran 





ge fault protection | 


Here, in this cutaway photograph, you can see some 


of the reasons why the Kearney Extra Heavy Duty 


Type G Cutout provides such full dependability on 


high, medium and low current interruption. Look over 


these design features and make a note to ask your 


Kearney representative about each one on his next call. 



































. Full Floating Contact—stainless steel 





spring absorbs 


upward thrust, maintains contact pressure until arc 


is extinguished 


. Gas Vents—double vent action minimizes internal gas 


pressure 


Horizont il Stainless Stee 
during fault interruption 
( artridge 


Insulator—designed for stre 


prevents internal leakage. 








. Cartridge— 4" bore permits interruption of low faults 


extra strength tube withstands pressure of high cur- 
rents; accepts universal fuse links; no need for adaptors 


and other gadget s 


. Terminals, Plated T-Lug Design—for use with all types 


of conductors 


. Flipper—whiy 


blown fuse link 


. All live parts either non-ferrous or stainless steel. 


JAMES R. KEARNEY CORPORATION General Offices: 4224-42 Clayton Ave., St. Louis 10, Mo. 


Pie 


n ELECTR 


CAL ENGINEFR! 





VG e? fir 


... specify KEARNEY 
Type “G” Cutouts 


Look beyond’ maximum fault current cal- that can stand up under all these conditions. 
culations when you examine protection The test data summarized (below), to- 
requirements on your system. Experience 


gether with the field-proved record in all parts 
tells you that in most locations you can of 


the United States, means just one thing. 
lium as well as severe 


When you specify Kearney Type G Cutouts 
nd you'll want a cutout you | 


expect low and medi 
fault currents 1ave specified full range fault protection. 





High, Low and Medium Fault Tests —-KEARNEY EHDG-781 Cutout 
SPECIMENS: Product 





OBJECTIVES: 


-+y EHDG 


( 
ww and med 





*., 
Tae 





S.J 


ax 





Kearney Substation Laboratory— 
150.000 KVA transformer « 


ur ynarits f 44= ru] . . 
4p capacity of 44 OOO KVA. For equ ment 


é; 


fae 
1pacity, with back- 


conditions. Guar- 


proved 
powe 


7.69 KV 


RESULTS: High Interrupting Capacity 


Low and Medium Interrupting Capacity 
The Kearney EHDG ¢ Four unit eared tl ir 


red 1 circuit without 
its rated 10.00 amperes at 7 
U wer |! tor 


For Better Construction...Safer Maintenance 


Specify 
KEARNEY 


Products 


SHENANDOAH & CLARINDA, IA. 
tion ELECTRICAL ENGINEERING 


Piants at: ST. LOUIS + FAYETTEVILLE, ARK. « 


¢ GUELPH, ONT., CAN, 


Please mer 





‘Turn to 


any page of 


Electrical 
kngineering.. 


lat . a ] “Aver f 
related to EE d verage o 


“WS and factual iIniormation I the tecnhnologic 
' . ° 
—are tne advertising messages 


pects of the industry 


appearing in its pages, monthly. 


This advertising is designed to keep you informed— 
of product improvements and design, of the 
cations and use of apparatus and equipment, 
development of materials and components essential 


to your production. 


ee ie eer a oon 
And ior tnosé responsible 


latlon—to point the way 


} + 
il 


In short, advertising whi con- 
tributing to your economic, technological and business 
progress. It will profit you to read it—with the same 
care and attention you give to the carefully compiled 


editorial pages of EE. 





It will pay you to read advertising regularly in ELECTRICAL ENGINEERING 


8A 


... the electrical engineers own magazine 
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Here’s why 


NATIONAL 
Plastic Molded 





COPPER-CLAD 
Field Coils 


Insure Longer 


Service Life 


Snug fit on pole piece eliminates 
coil movement and provides max- 
imum heat transfer to the frame. 


Monolithic construction resists 
damage from mechanical stresses 
and insures maximum heat dissi- 
pation. 


Void-free insulation prevents pen- 
etration of oil, moisture and other 
deteriorating agents. 


The main illustration shows a plastic molded, 
copper-clad interpole field coil for a railway 
traction motor. The small photo shows a set of 


such coils assembled with main field coils of Proven heat-resistant impregnant 


the same construction in a traction motor frame. imparts high temperature endur- 
For details on how National plastic molded, 


copper-clad field coils can help reduce your ance. 
motor maintenance problems, just drop us a 
line or call your nearby National field engineer. 


NATIONAL FLECTRIC COIL KOUTA © 


COLUMBUS 16, OHIO, U.S. A. on. es: 











ELECTRICAL ENGINEERS: MAKERS OF ELECTRICAL COILS AND INSULATION— 
REDESIGNING AND REPAIRING OF ROTATING ELECTRICAL MACHINES 
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N-TYPE BASE EMITTER CONTACT 


PNP ALLOY-DIFFUSED DRIFT 
TRANSISTOR STRUCTURE 


Opportunities for 





Semi-Conductor Engineers at 








Would you like to play a major role in the 
design, development, manufacture and appli- 
cation of transistors? 


IBM now has challenging assignments in the 
product development and application of semi- 
conductor devices for commercial data processing 
equipment. There are unlimited opportunities for 
professional achievement and advancement in our 
Laboratories at Endicott and Poughkeepsie, New 
York, and at our Manufacturing Facilities at 


Poughkeepsie, New York. 


Qualifications 


Advanced degree in electrical, mechanical 
or chemical engineering, physics, metallurgy 
or chemistry, and 

At least 2 years’ experience in the design, 
development, manufacture or application of 
semi-conductor devices and materials 


Additional career opportunities are available in 
the following fields: 
¢ Numerical analysis and programming 


* Memory devices 


For details, just write, outlining backg 

id interests, t 
Mr. R. A. Whitehorne, Dept. 550M 
Mgr. of Technical Recruitment 
International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 





IBM 


DATA PROCESSING 


INTERNATIONAL rey eae” 

ILITARY ODUC 
BUSINESS MACHINES SPECIAL ENGINEERING PRODUCTS 
CORPORATION SUPPLIES 





TIME EQUIPMENT 









Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, 
Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif 








“Five...four... 


i 2a) | : .. 


Two seconds to “FIRE”...the time when 
your instrumentation cables must work 


You'll find all of these qualifications 
met in full measure by Rome Cable 


1 Csmmn) 


Are his insulations and verings Rome Cable representative 


e { e { 


Quiz yourself on cable 
Here's how to get this kind of reliabil RO M ec < AB 4 
itv. Ask yourself these questions about 

Gc CGR PeqQGR A TFT | O N 
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hy 38 out of 10 


read the advertising pages of 
Electrical Engineering 


Month after month, 
Engineering ask representative 
say what sections of the mag 
find most helpful in their work. 


the editors of Electrica! 
groups of readers t 
azine they read and 


Month after month, 8 out of 10 name the advertisi 
pages as one of the most 
magazine for: 


a4 


Le 


nN 
important sections of the 


1. NEWS—about new products, new materials 
new designs and new methods 


2. IDEAS—not only for products, but 
ing production and lowering operating costs 


for speed- 


engineers 


3. INFORMATION—about the use and apy 


tion of the latest components and equipment 


4. SOURCES 


en emphasis on new product 


of supplies and suppliers, 


new and growing helds 


The advertisers who use t 
their produc 1 h 
serve you. They your questions and 
requests for information, and for mai in \ 
ing out your specific problems. We hope 
yourself informed about 


Electrical 


continue to keep 
the advert 





it will pay you to read advertising regularly in ELECTRICAL ENGINEERING 


62A Pie ention ELECTRICAL ENGINEERING 


. the electrical engineers own magazine 


rtiser |. LECTRICAL ENGINEERING 
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Lifting eye. —____ @ 
\ 






ra Clamp-type terminals 






accommodate cable sizes from No. 6 7 
a” through 4/0 A.C._S.R. Clamping 4 - 
surtaces are hot-dip tinned for 2@q 





use with either copper or 
aluminum conductors. 






Cast bronze sleet shield protects 
top contacts and acts as positive 
latch for fuse holder. 


P - EEI-NEMA Bracket. 
Cutout shown is BV-33-F with a 


expendable disc in fuse holder cap. 

On restricted faults disc remains in 
place, confining gases for quick, 

clean circuit interruption. On high 
faults disc is expelled by gas 

pressure within the tube panting \. 
tube to double-vent for high 
interrupting capacity. Single-vented 
S$V-33-F employs solid cap at 

top of fuse holder. 













™ 
o4 
23) 
a 


















Silver-plated 
contact surfoces. 






Bird-proof insulating ring- 










Two-piece insulator construction. 







Opercting eye automatically lifts 
sleet shield when pulled downward 
with hookstick. Lineman has 
complete control over the fuse 
holder when monually 

opening cutout. 










Silver-pleted 
contoct surfaces. 


















Hookstick slot 
for removing 
fuse holder 











Fibre lined Pt 


phenolic bonded tube. 






Trunnion is 






spring looded to aid 
n link ejection 














current-carrying 








ports cre non-ferrous 












Ejector lotch prevents link breckage 
from slom forces. Flipper ejects 
fuse link 














180° tube stop. 








outhern States new cutout offers 
double action for double protection 


Type BV-33-F—5.2, 7.8, 15, 25 kv—100, 200 amps 


Ne) 

















‘ cecal am 















THE LBV-33-F LOAD BREAK CUTOUT 


res the ’ 3-F rn ding 
atures o 5Y-35 sing 









SOUTHERN STATES | 


EQUIPMENT CORP. 
; HAMPTON, GEORGIA 


¢ A N CANADA: Dominior tout ¢ Ltd., Toronto ; 
4 ~» = = vo o ~YtTour Lo oro ° 
fcraic™ iu . - —~ — 
















Opportunities Unlimited 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE 


SECURITY ... TOP WAGES... CHALLENGING ASSIGNMENTS 


Qualified Engineers! Thousands of positions available with leading organizations 
Employer pays fee in many cases. 


Under the auspices of the Four Founders Engineering Societies and affiliated with other 
renowned Engineering Societies, E.S.P.S. offers many years of placement experience in 
addition to world-wide contacts. 


Write for E.S.P.S. weekly Bulletin of Positions . . . See a partial listing of available 
positions in Personnel Section. 


DON’T DELAY—REGISTER TODAY 


Offices In Major Cities In U. S. 


New York Chicago Detroit San Francisco 
8 West 40th St. 80 East Randolph St. 100 Farnsworth Ave. 57 Post St. 


L 











. ; Conference on 

The Engineering & Magnetic Amplifiers 
er - (August 1957) 

Soci eties L l b rary Publication 7-98 is sponsored jointly by the American In- 


stitute of Electrical Engineers, Committee on Magnetic Am- 
b lib d T plifiers, and by the Institute of Radio Engineers, Professional 
can be your tl rary epartment. o your com- Group on Industrial Electronics. The Special technical con- 


pany a trained staff and a fully equipped li- ference on magnetic amplifiers was held in Pittsburgh, Pa. 
. Pe September 4-6, 1957. The 264-page proceedings consist of 
rary would be a valuable addition. Over 18 informative papers. Price $4.00. Send orders to: 


170,000 engineering texts, and files of every Order Department 
worthwhile periodical are available for further American Institute of Electrical Engineers 
33 West 39th Street 


research to meet ifi ds—patent 
your specific needs—patents, New York 18, N. Y, 


design, research, construction, and manage- 
ment problems. Charges cover only the cost of 


the service, and represent but a fraction of the JOINTING, SPLICING, and TERMINATING 
value you will receive. COPPER and ALUMINUM CONDUCTORS 


The Educational Committee of the Power and Industrial 

The Engineering Societies Library | Division, AIEE New York Section, presented a Special Study 

29 West 39th Street, New York 18, N. Y. | Group in Spring 1956 in which technical data ca the 

Mr. Ralph H. Phelps Director || jointing of copper and aluminum conductors of all types 
4 | was “packaged” for the first time. 














Please send me information pamphlet, 


i ap The “Jointing” texts from eight lectures, have been as- 
available, and their cost 


sembled in a practical 54-page guide on the subject of 
electrical connector design and application, with specific 
reference to aluminum and aluminum-copper connections. 
Price: $2.25. Publication S-94 may be obtained from: Order 
Department, AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, 33 West 39th Street. New York 18, N. Y. 
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e BUILT FOR THE TOUGHEST SERVICE inside and out—from the 
maintenance free, snap action, double break, silver alloy contacts to the 
rugged, die cast aluminum housing—the redesigned Allen-Bradley Bulletin 
805 foot switch is a challenge to tough jobs! The on-center treadle operation 
eliminates the need for bolting down the switch—the extended base keeps it 
irom tipping. 
e VERSATILE OPERATION—The contact trip point is easily adjustable. 
W hen equipped with two contact blocks. this foot switch can be set for simulta- 
neous or two-stage operation. The Bulletin 805 foot switch can also be fur- 
nished with a lateh to provide maintained contact operation. In addition, 
this latch, when desired, can be made inoperative, and may be quit kly changed 
from one to the other side of the foot switch. 

Phe Bulletin 805 housings are available for NEMA Type 4 watertight and 
oiltight applications, or NEMA Type 7 explosion-proof service. 

I'ry the Allen-Bradley Bulletin 805 foot switech— you'll find it “tops” in its 
field. Send for full information. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 


5 ww 


Bulletin 805 Style A 
switch with latch 
guard covering both 
top cnd sides. 





Husky 


BULLETIN 801 


LIMIT 
SWITCHES 


IN A THOUSAND AND ONE TYPES 


f 


+ 


From among the hundreds of Allen-Bradley Bulletin 
801 general purpose limit switches, you're sure to 
find your exact requirements. There are 21 different 
contact arrangements available, including types 
with single or multiple poles, N.O. and N.C. contacts, 
spring return or maintained contacts, with either 
a slow or snap action mechanism. It will pay you 
to know this quality line of limit switches. If you 
do not already know this quality line, let’s get 
acquainted. Write for the complete story. 


| 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 


MOTOR CONTROL 
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You'll want these books for they cover 
virtually every aspect of nuclear energy 


ADVANCES IN NUCLEAR ENGINEERING 


The 138 papers and discussions in this 
two-volume reference are from the 2nd 


Nuclear 
ference. 


cycle from the availability of natural re- 


to the 
waste disposal. 


sources radioactive 


design in all its detail. 


Engineering and Science Con- 
They deol with the complete fuel 


recycle and 
They cover reactor plant 
They discuss the 
metallurgical processing of materials used 


in reactor applications. 


hensive subject index 


well as to related material. 


Edited by John R. Dunning and Bruce R. Prentice 


Vol. |, 523 pages. 306 illustrations 





*Price of these 3 Vol- 








1957 NUCLEAR CONGRESS 


which featured the 2nd Nuclear and 
5th Hot Laborctories Conferences 
wos sponsored by the following or- 
gonizctions, with the Engineers’ Joint 
Council coordincting their efforts 


Amer Chem Soc Amer Geollnst Amer 
last Chem Engrs Amer inst Elec Engrs 
Amer inst indus Engrs Amer inst Mining 
Met & Pet Engrs Amer inst Physics 
Ame Nuclear Soc Amer Public Health 
Amn Amer Rocket Soc Amer Soc 
Civil Engrs Amer Soc Engrg Educ 
Amer Soc Heating and Air Conditioning 
Engrs Amer Soc Mech Engrs Amer 
Soc Metals Amer Soc Testing Materials 
Ame Water Works Assn Engrg inst of 
Canada Federation of Sewage & Industrie! 
Wastes Assent Health Physics Soc Hot 
Leboretories Committee inst of Acro 
Sciences inst of Redio Engrs Nat! 
indus Conference Board Soc Automotive 
Engrs Soc Nevel Arch & Marine Engrs 


Vol. ll, 581 poges. 600 illustrations 


They decal with 
problems of corrosion and include signifi- 
cant information on the radiation responses 
Addition- 
ally, these volumes contain several hundred 


of important reactor materials. 


references, an author index und a compre- 
which gives you 
quick access to every subject covered as 


PARTIAL CONTENTS Fuel Mane- 
tecture, Production, end Recovery. Feel 
Cycle interreletionships. Spent Fuel Proc- 
cessing—Aqueows end Non-equeous. 
Economics of Nuclear Fuels. Plant Con- 
tainment Concepts and Design. Plant 
Components. Weste Dispose!l. Protec- 
tion of Water Supplies. Shieiding-Struc- 
turel Protection end Control of Fission 
Products. New Limits and Codes for 
Rediation Protecticn. Merchent Ship 
Sefety. Redistion Processing. Reector 
Design. Reactor Core Design. Educe- 
tionel Use cf Reectors. Uranium Metel- 
lurgy and Redistion Effects. Metallurgy 
of Reactor Materials. Metallurgy of Ure- 
nium-Zirconium end Uranium Niobium A\!- 
loys. Neturel Resources. Reactor Plent 
instrumentation. Reactor Control end Sim- 
wletors. Reactor instrumentation Develop- 
ment. Primary Coolent System. Heet 
Transfer end Heat Evolution. Problems 
Releted to Heet Transfer. Stenderdize- 
tion in the Nuclear Field. 


HOT LABORATORY OPERATION 
AND EQUIPMENT 


This book contains the most complete 


information currently available on the 
equipment and tools for handling radio- 
active materials. Included are the sixty- 
the Sth Hot 


Laboratories and Equipment Conference 


odd pocpers presented oat 
plus a considerable amount of additional 
material added by the authors after pre- 
sentation of the papers. Topics covered 
range from a discussion of the principal 
engineering design features of hot iabora- 
tories to the key specifications of equip- 


ment for hot chemical, physical, mechanical 
and metallurgical operations; operational 
end maintenance those en- 


countered in hot cell installations and in 


problems; 


speciclized operctions such as, the operc- 
tion of decontamination facilities and of in- 
reactor pump loops; the removal and dis- 
memberment of radioactive in-pile units 
and a shielding pot that can be used as 
either ca horizontal or vertical corrier. A 
cross-referenced subject 


cluded. 


index is also in- 


Edited by Frank Ring, Jr. and P. J. Giasson 


308 poges 304 illustrations 


8'A" x11" $17.50 


“PROBLEMS IN NUCLEAR ENGINEERING 


Covers most of the field of “reactor scfeguords;” reviews reactor 
motericis, their properties, behavior and uses; treats reactor design, 
components ond techniques; deals with the processes of hect generction, 
heat transfer, and fluid dynomics 


10 DAYS FREE EXAMINATION 
AMER SOC MECH ENGRS 
29 W 39 ST., NEW YORK 18, N. Y. 


Send me the books checked below. 
books | keep or return them post paid 


in ten doys | will remit for the 


376 poges 284 illustrations 8'A" x11” 


“REACTOR OPERATIONAL PROBLEMS 


The contributions in this volume ore concerned with waste disposal and 
radiation hazards, dissolution of solid fuel elements, the chemistry and 
engineering of the aqueous processing of fuel and blanket moterials, 
pyrochemico! methods, methods involving fluoride volatility differences, 
experimental low-power assemblies, reactor physics, instrumentation and 
control. 


$17.50 
Advances in Nuclear Engineering (2 Volumes 
Hot Laboratory Operstion and Equipment (1 Volume 
Price of the three volumes, $45 .00. 
Problems in Nuclear Engineering. 
Reactor Operational! Problems 
Price of the two volumes, $28.00. 


$35.00 
$17.50 


$17.50 


286 poges 204 illustrations 8'A" x11" $17.50 


These two volumes were edited by D. J. Hughes, Stuart Mclain ond 
Clark Williams. The 87 contributions in them were selected from the 
popers presented at the Ist Nuclear Engineering and Science Conference Give company connection 
held in Cleveland, December 1955. 

Write here. ... 


sponsoring organization in which you held 
membership. 


**Price of these two volumes, $28.00 
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Plug-In Units 


TYPE 33/ S4K 
ast-R DC Unit $125 
TYPE 53/541 
Fast-Rise High-Ga t 185 
TYPE 53/54C 
Dual-Trace DC Unit 275 
TYPE 53/54H 
Wide-Band High Gain DC Unit 175 


TYPE 53 46 
Wide-Band Different t175 
TYPE 53 54D 
High Gain Diffe 
TYPE 53/ S4E 


TYPE 53/548 
Wide-Band High-G 


TYPE 53/54A_ 


Wide-Band DC U 


TYPE 53/54T 


Time-Base Unit 

TYPE 53/54R 

Transistor Risetime Measurement 
Unit (to be available soon) 


All prices f.0.b. Portland, Oregor 


ENGINEERS — interested 
furthering the odvoncement of 
the oscilloscope? We hove 
openings for men with crective 
design ocbility. Plecse write 
Richard Ropiequet, Vice Pres 
ident, Eng neering 


fANUARY 1958 


Please 








TYPE RM45 
Electrically identical to Type 545 


sec risetime with 


rates 
Delay — calibrated 
other delay ranges 
a! order 
Delay— 0.2 


Accelerating Potent 


RACK-MOUNTING 
OSCILLOSCOPES 


with the Tektronix 
Plug-in Feature 


TYPE RM35 
Electrically identical to Type 535 


DC to 11 MC. 0 031-usec risetime with 
fast-rise plug 
‘ sec /cm to 5 se m calibrated 
sweep rates 


Sweep Delay — calibrated 





TYPE RM41 
Electrically identical to Type 541 


The Type RM41 is also electrically the same 
as the Type RM45. except that it is with 
out provision for sweep delay 

Price, without plug-in units $1245 





Tilt forward-bockward 
for easy access. 


Tektronix, Inc. 


P. O. Box 831 
Phone CYpress 2-2611 + TWX-PD 311 + Cable: TEKTRONIX 


* Portiond 7, Oregon 
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TYPE RM31 
Electrically identical to Type 531 


sion for sweep delay 


9 unite 


rice, without piug 





TYPE RM32 
Electrically identical to Type 532 
DC to 5 MC, 0.07-usec risetime with 
wide-band plug-in units 
0.2 uwsec/em to 5 sec/cm calibrated 
sweep rates 
4-KV Accelerating Potential 
or—0.2 mv to 100 v 
Electronically-Regulated Power Supplies 


Price, without plug-in units $925 
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at 


ENGINEERS... 


~ ‘ Pid 


TECHNICAL DEVELOPMENT ENGINEERS — 
ELECTRONICS Graduate engir 
required for preliminary 

nalysis of electronic-me 

tems involving closed-loop 

yw frequency amplifier ci 
mathematical background an 

ence with problem setups 


and analogue computers are essential. 


TECHNICAL DEVELOPMENT ENGINEERS—FLIGHT 
INSTRUMENTS & TRANSDUCERS Graduate 
engineers required for preliminary 
design and analysis of small, precision, 
electro-mechanical, pneumatic devices 
involving bellows, diaphragms, cams, 
proportional pickoff sensors, p 
amplifiers, servo loops, etc. 

matical background and experience 
with problem setups on digital 


analogue computers are very desirab 


OPERATIONAL ENGINEERS Graduate en 

neers for follow-on development of the 
above mentioned product categories. 
This work includes such activities as: 


laboratory circuit development of 


breadboards and prototype hardware, 
i yy} 

specialized test equipment design and 

construction, liaison with design draft- 


Ol VISIONS: 


AIRESEARCH MANUFACTURING. LOS ANGELES @ AIRESEARCH MANUFACTURING. PHOENIX 


tie your future to the 


unlimited potential of 


system electronics 
*, at The Garrett 


Corporation 


As communication and control prob- 
lems multiply, one of the most rapidly 
growing of all missile and aircraft 
fields is that of system electronics. 
Stick-force reversal problems are 
solved by the air data system above. 





> equipment 


COMPONENTS ENGINEERS Graduate engi- 


t 


neers to acta 
, 
anical comy 
in 


ntlometer 


»-of-the-art of 
such components as manufactured by 
various vendors. Familiarity with mili- 


tary aircrait specincations desirabl 


DRAFTING DESIGN ENGINEERS Designers 
required for board work in originating 
packaging designs of electronic, 
electro-mechanical, and precision 


miniature pneumatic mechanisms. 


Send resume of education and 
experience today to: 


Mr. G. D. Bradley 


9851 S. SEPULVEDA BLVD., LOS ANGELES 45. CALIFORNIA 


AIRESEARCH INDUSTRIAL @ REX # AERO ENG/INEERING 


AIRSUPPLY @ AIR CRUISERS @ AIRESEARCH AVIATION SERVICE 


Please mention ELECTRICAL ENGINEERING 





lvertisers 


Personnel Service, Inc. 


PLANT 
graduate 
plant 
Must be 
ot new 
vision 
gram 
ment 


Location, Mis 


MANAGER, electr 
with operatir r 


PATENT SPECIALISTS 
B.S r ‘ prefera 


CHIEF ENGINEER f 


TECHNICAL EDITOR, e 


exper 


INSTRUCTOR 


York 


TEACHING PERSONNEL for 
Electrica Engineering, vaca 
Opportunit far eT with Docto 
training na experience if 
Microwave 

qualify f 

development 
Undergradu 
enging l 


New Eng 


ELECTRICAL ENGINEER, Ph.D. require 
fer man with training and experience i 
fhelds nclud r g 

sonics and electrmni 


plus bonus. Locat 


SALES ENGINEER 

previous experience selling 

direct to manufacturers for company 

turing silicon rectifiers and recording devices 
Salary, $8000-$10,000 a vear. Location, New } 

N. Y. W-5645 


ELECTRIC MOTOR DESIGNER, graduate elec 
trical or mechanical, age to 40; with at least twe 
vears’ in some phase of electric motor design 
Will assist senior motor designer in electrical 
design of A.C. and D.C. motors from 5 to 200 hr 
Motors designed are used principally in com 
panv’s own products which is heavy equipment 
similar to mining or construction equipment 
Salary, to $8400 a year. Employer will pav place 
ment fee. Location, Chicago, Ill. C-6562 


ELECTRICAL ENGINEERING 





You have no 

size harrier 

with ARNOLD 
MOLYBDENUM — 
PERMALLOY 


POWDER CORES © 








for more information write fo THE ARNOLD ENGINEERING (COMPANY | 


Bulletin PC-1048 


P 
vailable in 23 sizes from 0.500” O.L Main Office & Plant: Marengo, Illinois 
caine acaknald Tyne “A” un Repath Pacific Division Plant: 641 Eas? 61s! Street, Los Angeles, Calif. 
apes : : Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Bivd. 
ASSESS SEPE, M81 New York: 350 Fifth Ave. Washington, D.C.: 1001-15th St, N.W. 
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Principles of 
Transmission 
Line 
Relaying 


This booklet (S-81) has been compiled 
by the AIEE Committee on Relays Sub- 
committee on Line Relay Protection. The 
objective is to present basic relaying 
philosophy other than details and 
characteristics of specific relaying sys- 
tems. Thus, to one who is not a relay 
specialist, the booklet is an opportunity 
to become familiar with the principles 
involved. The relay engineer will find 
presented a broad cross section of line 
relaying fundamentals that will be useful 
in his work, and engineers undertaking 
relay work will find these papers to be 
a valuable introduction and reference 
source. 


More advanced forms of transmission 
line relaying, such as microwave relay- 
ing that are just coming into being, are 
not included in these papers, nor are 
simple straightforward applications con- 
sidered. A concerted effort has been 
made to direct attention to the fun- 
damental concepts and practices used 
in providing modern transmission line 
relay protection. 


This 64-page special publication is 
available for the price of $1.00. Write 
for copies to: 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 


ATTENTION 


DISTRIBUTION 
ENGINEERS 


leading manufacturer in the electrical 

A field is seeking men who are interested 

nN @ position requiring genuine responsi- 
bility, imagination and know-how. 

We are looking for graduate electrical 

engineers to represent us as application 

engineers in the field. Requirements are 

t you be between 29 and 40 years of 

and have had five years of engineering 

construction experience with a power 

$s is not a sales ;ob, But your 

ties will require extensive travel 

000.00 to $10,000.00 

ses. This includes what 

eriod is sary to thor- 

you with our ne of 


The position of application engi- 


rtunity, send details 
experience together 
Photo to S. Frank, 
BOX =604 
ELECTRICAL ENGINEERING 
33 West 39 Street 
New York 18, N. Y. 


nformation w be kept strictly confidentia 

















ELECTRICAL ELECTRONIC 
ENGINEERS 
AND 
PHYSICISTS 
nd lduais with ¢ RE \ 
nd NEW IDEAS 


IDEAI 


projects. If vou are oking 
WORKING CONDITIONS and an I 
. rtunity for PROFESSIONAIT 


GROW TH, you st sider the of 
portunities available at ARMOUR RE 
SEARCH FOUNDATION 
\ tew areas 1 particular 


RADIO AND RADAR 

ANTENNAS AND PROPAGATION 
ELECTRONIC COMPONENTS 
INSTRUMENTATION 
MICROWAVES 

CONTROL SYSTEMS 

advantages of empli 
§ RESEARCH include 


e re 


MOUF 


gradaua Ss £ 


A, J. PANERAL 
ARMOUR RESEARCH 
FOUNDATION 
of Illinois Institute of Technology 
10 West 35th Street 
Chicago 16, Illinois 
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DON'T YOU MISS 
THE GREATEST SHOW OF ALL 


THE 9" BIENNIAL ELECTRICAL INDUSTRY SHOW 


Sponsored by the Electrical Maintenance Engineers Assn.) 


Z 


a. 


For details, contact ' 
Fred J. Tabery, Exhibit Manager, EMEA ; SHRINE EXPOS! iON 


3443 South Hill Street, Los Angeles, California | LOS ANGELES, CALIF 








= Richmond 93-1091 MARCH 27, 28, 29 | 
e 


This is the PROVEN show for the electrical industry..a SELLING SHOW attracting a QUALITY attendance from the 11 Western states... th 
most rapidly expanding market in the country according to business experts. 


Anyone whose business is related to the design, engineering, use, operation, maintenance, sale or manufacture of electrical and allied equipment 
—or the application of electricity in the industry —will find this show a MUST. 


These and many other firms, representing the WHO'S WHO of the industry, will display their products and services... 


Agencies Co Clayton Mart & Co Globe Lighting Produ cts Ray |. Noe! Co Square D Co. Western Division 

Air Powered Hot Stic C Cc Chester Cabie Corporation Gedney jectric Co New Hermes Engraving EC&M Division 

F Arey Co ¢ Clifton Conduit Co., inc Greeniee Too! Company Machine Corp Square D Company 

Allen-Bradley > Eari $ Condon Co Matfield Nye Too! Company Stebder Manufacturing Co 

Allied Industries Crouse-Minds Co Helwig Company National Parts Distributors Standarc Carbon Company 

Allied Masonry Anchors Cut er-Hammer. inc 4 Transformer Ce 0. 2 Electric Manufacturing Co Stonco Electric 

American Pamcor. inc Continental Wire Co Hilti Corporation © Carbon Co Products Co.. inc 

The Lou's A ompan 
pe 


sc Hoffman Electric Oster Manufacturing Co The Superior Electr 
Anaconda Wire & Copper Co co Elec Harvey Hubbell. Inc Onan & Son Syivania Electric P 
Kenneth Andgerson C Howard Electric Co ‘ c Southern Car & Manu 
Appieton Electric Co t nt vs eee aragon Electric Sunbeam Lighting Co 
. ay-Brite L n c tr ° v Lignt Co 
The Arrow-Hart & Hegeman pete Lanting ee The Jack Payne nc The Thomas & Betts Co 
Electro Capacitors sco Corporation G. Pomeroy niock. Inc 
Emerson Electric Motors nsulation Mfg. Co Roy Peck Associates = Toledo Pip Threadin 
Edwar os Company, inc onnson Bearings Co The Pyle National Co Machine Co salle pee 
ri-State Supply Corporation 
rical Motors, Inc 
¢ Tube Products Kaiser Aluminum Preformed Lines Pr oducts Co Velocity Power Tool Co 
_—— — a Britannica, inc & Chemical Sales Pyramid instrument Corp Wadsworth Electric Company 
mpire Electronic “ rd Leonard Electric Co 
- es : a, : Lapp Insulator Co.. inc Republic Stee! Corporation a Soon tea E ope A 
The Bryant Elec tates ac cE aoa ¢ Larsen-Hogue Electric Co Reliance Electric & Engineering west on ieee eo 
aan erieah Pre nwal Incorporate . Pau C ng. inc : rocucts Uiv 
Buchanan Electric McLoughlin Company H. G Rising. Inc Western Lithograph 


x step m Fletcher Electric Speciality C e T T C 

Bulidog Electric duc etcher Elec ai Speciality Co Macc he Rid Co 

wlidog addox Sales Co e@ Ricge 100 Western Tool Industries 
Weston Electrical instruments 


of Los Angeles ORNEEE TURES HE SE Mai! Too! Co The Ruby Lighting Corporation 
Burndy Corporation raz r 0 v a Electric Tool ric es Compan 

o waukee Electric Too ctrical Sales Company yas nghouse Electric 
Corporation 


Burton Equipment hes 

Ciark Controlier C 

— Witte Diese! Works 
The Wiremoid Company 


den Manufacturing Compan . ; ; ; 
Sonam z citric Mix Co Electro-Tech Products Div Jonns Manvilie Corporation Pittsburgh Standard Conduit Co 
Blackhawk Manufacturing Co Sun Chemica Jeffries Transformers Price & Rutzedeck 
Black & Decker ‘ ‘ ne or ent Service Company Katolight Corporation P_w industries. inc 
Brenner-Fiec er 


Cottrell Paper Product c ac 
California Conduit & Cable Gen ctric Mosiey Electronics Slater Electric 2 
Carol Cable Co Genera! Radio +> National Electrica Sierra Electric Co Robert A. Young Co 

Century Electric Motors Gienmart Company Products Corporation Smoot-Hoiman Co Zinsco Electrical Products 


Recognizing the vital role of EDUCATION in today’s industry EMEA has combined with the 1958 exhibit thew Sth ELECTRICAL 
MAINTENANCE CONFERENCE... highlighting such important subjects as 


- Plan Maintenance to Prevent Breakaown - Large Industry Looks at Maintenance of Electrical Equipment - Small Industry Looks at 
Maintenance of Electrical Equipment - Commercial Buildings Look at Maintenance of Electrical Equipment - Electronic Equipment Requires 
Maintenance - Proper Maintenance of Lighting Will Assure Peak Output - How to Estimate Additions and Expansions - High Power Factor 
Can Pay Big Dividends - Know Your Electrical Codes and Safety Orders - Protective Devices Must Be Properly Selected and Maintained 
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This Man Has 


E.Q. 


Do You? 


SOHO OOOO HOE EEEE HOHE EEE E EEE EE SE EERE EEESERERESEOEGES 


e 

ceptional < 

such as those possessed by 
E. W: Vaughn, Section 
Manager of Westinghouse- 
Baltimore’s X-Ray De- 
partment. Mr. Vaughn’s 
qualifications include a 
B.S.M.E. from the Univer- 
sity of Kansas; seventeen 
years experience with 
Westinghouse—starting 
with the Graduate Student 
Training Program in 1940 
and progressing through 
Junior Engineer, Design 
Engineer and Section Man- 
ager. A member of the 
Association for Applied 
Solar Energy, Bill Vaughn 
holds three patents in the 
X-Ray field. 
Westinghouse-Baltimore’s 
phenomenal growth is a 
direct result of its ability to 
attract and hold men with 
E.Q. like E. W. Vaughn. 
HOW’S YOUR E.Q.? If 
you have the background 
that qualifies you for lead- 
ership, we want to hear 
from you. Write to: Dr 
J. A. Medwin, Dept. 745, 
Westinghouse Electric 
Corporation, P. O.- Box 
746, Baltimore 3, Md. 


Westinghouse” 
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Sm <e\ 
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BALTIMORE 


Avionic erwatet Missiles, 
Advance stems 

SINCE 
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An Engineer's Company 





CLASSIFIED ADVERTISING 


For help and situctions wanted 
mum 5 lines, maximum 30 lines. Scle and purchose 
of used machinery, etc., $2.50 per line, mot avail- 
able to declers. Address orders to: Classified Section 
ELECTRICAL ENGINEERING, 6th Floor, 33 West 39th 
Street, New York 18, N. Y 

When answering on advertisement, send all replies 
to box c o ELECTRICAL ENGINEER- 
6th Floor, 33 West 39th Street, New York 18 


Y uniess odcress is given 


number specified 
NG 


$2.00 per line, mine OPERATIONS ASS 





Positions Open 


ENGINEEF 


OF ELECTRICAI 


UNUSUAL OPPORTUNITY FOR 
Ph.D. in the Electrical Enginee g 
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{4 ENGINEERING 


STANT 


( 


THE UNIVERSITY 


OF ILLINOIS NEEDS AN 
ELECTRONICS FE : 


INEER 


OR ASSISTANT PROFESSOR 
AL ENGINEERING. MS. degree 


as n € 


INSTRUCTOR 
OF ELECTRIC( 


referred. Sala 
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- Back Copies of 


: Electrical Engineering 


- August and September 1957 : 


Please mail (parcel post) to: 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 


= Print your name and address : 


: upon mailing wrapper. 


Twenty-five cent refund plus post- 


=age will be paid for copies re- : 


turned. 





The GENERAL J/dea 


ON ENGINEERING CAREERS 








Telephone circuits are Automatic controls . . . 
today’s "superhighways” for @ growing part of our work 
Automation ea Lee ye eer 
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Security plus challenge 
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GENERAL TELEPHONE LABORATORIES 
NORTHLAKE, ILLINOIS 


1 member of the General Telephone System—One of America's great communications s 

















How does this 


square with your 
own experience? 


(A CHECKLIST FOR EE READERS) 


Advertising in EE is designed, primarily, to direct you 
to sources of supply: apparatus, materials, 
components, equipment. 


But there are additional benefits to be gained directly 
from information which companies include in 

their technical advertising. 

For example: in replying to a recent survey by a leading 
marketing magazine*—22 of the nation’s top 

engineers cited some 26 areas in which information 

they read in advertising was of specific service. 

Their list is in the column at the right. Check it yourself — 
and see if it doesn’t square with your own experience! 


*Tide magazine 


It will pay you to read advertising regularly in ELECTRICAL ENGINEERING 


... the electrical engineers own magazine 


ELECTRICAL ENGIN 











CHECK AND COMPARE ... 


(with your own experience) 
these benefits leading engineers said 
they obtained from advertising: 


costs 


ncreased capacity 
improved materials 
mproved appearance 
simplified processes 
mprovements in design components 
higher speeds and feeds 
aided research 
reduced spoilage 
truction costs 
roved finishes 
roved automatic features 
trol 


mproved safety 

power economy 

economy in first cost 

mproved plastics 

ower cost per hour of use 

mproved employe morale 
zed smaller space 


} obtained personnel 
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New Edition, Completely Revised 
Electric Power Distribution 


for Industrial Plants 
(RED BOOK) 


No. 952 


The purpose of this publication is to bring to the attention of engineers, owners, and plant man- 
agement the important features of well-designed electric distribution systems that result in satis- 
factory performance of utilization equipment and efficient operation of the plant; it covers the 
features of the electric distribution systems which are applicable to most types and sizes of indus- 
trial plants. It sets forth the elements of the distribution system both as to what to do to accomplish 
desired results and the reasons for them. It does not explain in detail how to accomplish the final 
results. 

Basic information is included to determine the approximate load requirements of industrial plants, 
the type of distribution system, the distribution voltages, and voltage regulation, as well as informa- 
tion to assist the engineer in the selection of transformers, circuit breakers, relays, meters, fuses, 
cables, bus, and miscellaneous equipment needed in the design of an adequate electric distribution 
system for present and future load conditions. Operating and maintenance problems are dealt with 
only in so far as they affect system and equipment selection. Basic information is included to deter- 
mine load requirements, type of system, and voltages. Data are included to assist selecting trans- 
formers, circuit breakers, relays, meters, fuses, conductor, and miscellaneous equipment for present 
and future loads 

$3.50 per copy (50 per cent discount to AIEE members); 172 pages 





New Companion Publication 


Grounding of 
Industrial Power Systems 


No. 953 


This publication covers the problems of system grounding, connecting the frames and enclosures 
of electric apparatus to a ground system, the problems of static, the methods of protecting struc- 
tures against the effects of lightning, and the problems of obtaining a low resistance connection to 
the earth 

The popular name “Green Book” now applies to this new publication rather than to Interior Wir- 
ing Design for Commercial Buildings as before. The latter publication is out of print pending revi- 
sion and when the new edition is available it will be known as the “Gray Book.” 

$1.20 per copy (50 per cent discount to AIEE members); 40 pages 


This is an order from: 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 WEST 39TH STREET 


NEW YORK 18, N. Y. 
Address 


) Member 
Nonmember 


Remittance of $ is enclosed for the publication(s) checked below 
[952 Electric Power Distribution for Industrial Plants 


C) 953 di f | trial P t 
‘ Grounding of Industrial Power Systems CONTENTS—PRINTED MATTER 


POSTMASTER: This parcel may be opened for Postal Inspection if necessary 
Return postage gucranteed 


Type or print on return mailing label —»> 
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Professional Engineering 


Professional Engineering Directory Card 1” or 2” 12 times $160.00 


irectory 








BLACK & VEATCH 


Consulting Engineers 








DeLEUW. CATHER & COMPANY 


ting Encin 


ng Engineers 
n, Public Transit 


1 Problems 








ELECTRICAL TESTING 
LABORATORIES, INC. 


East End Avenue. New York 21. WN. Y 


JACKSON & MORELAND. INC. 
Engineers and Consult 


nd Supervision 


SANDERSON & PORTER 
ENGINEERS 
DESIGN 
CONSTRUCTION 




















SARGENT & LUNDY 
ENGINEERS 








PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 

Electrica e 
Structural © Civ 

Architecture 


Mechonice 


5 
v Nuclear °¢ 


FIRST NATIONAL BANK BUILDING 


Pittsburgh 22, Pennsylvonic 











TRANSISTOR mrtg 


s Moskowitz D 


acta “wcesenes Associat: es, Inc. 
7 East Center St: reet Nut ley. N.J 
NUtley 2-5410 








ELLMANN ENGINEERING Co. 


P.O. Box 3627 
Washington 7, D.C. 








HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


90 Magnolia St., 


EDgewood 3 


Westbury, LI 


2933 





SLAUGHTER COMPANY 


MANUFACTURERS OF TEST EQUIPMENT 

HIGH VOLTAGE INSULATION TESTERS 

POWER SUPPLIES STROBOSCOPES 
SPECIAL TEST EQUIPMENT FOR 
ENGINEERING AND PRODUCTION 


PIQUA 8, OHIO 








CONSULT THIS DIRECTORY 


when in need of specialized 


engineering service 








F. C. TORKELSON CO. 


Industrial Piant Design 


146 South West Temple 
SALT LAKE CITY 1, UTAH 








MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 








UNIVERSAL WIRE & CABLE CO 








MINER and MINER 
Consulting Engineers 
Incorporated 


Greeley 








The J. G. WHITE 
Engineering Corporation 


Design—Construction—Reports— 


Appraisals 


80 Broad Street NEW YORE 








INTERNATIONAL 
ENGINEERING COMPANY. INC. 


Engineers 
Investigations—Reports—Design 


Procurem —Field Engineering 








Consult 
Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At lst St 
New York 1. N.Y. 
PHONE 
LO. 5-3 
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PROFESSIONAL SERVICES 
over a wide range are offered 


by these cardholders 
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MOTORS 











;..this is OPPORTUNITY ...this is SECURITY! 


Work with AC on some of the most exciting 
" 








es — 


projects now under way for our armed for 
field of electronics and the production of electronic equ 


ment for jet engines and for guided missiles. 


by 


zg 


i ¥ 
Sd 





...this may be FOR YOU! 


If you hold an engineering degree and have an electrical, mechanical or electronic background, please contact us. 





Check the AC product list below. There are opportunities in the engineering departments now working on any of 
these projects... or on others that are now in the research and development stage. 
Write Mr. Cecil Sundeen, Supervisor of Technical Employment, in care of ... 


AC eesesTHE ELECTRONICS DIVISION OF GENERAL MOTORS 


Milwevkee 1, Wisconsin 


Afterburner Puel Controls ¢ Bombing Navigational Computers « Emergency Fuel Controls « Gun-Bomb-Rocket Sights « Gyro-Accelerometers « Gyroscopes 
Inertial Guidance Systems ¢ Manifold Air Pressure Regulators « Speed Sensitive Switches « Speed Sensors « Three-Way Selector Valves * Torquemeters 
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INDEX TO 


AC, The Electronics Division, General Motors Corporation 79A 
Acme Electric Corp. 46A 
30A, 36A, SOA, 52A, 53A, 64A, 72A, 77A 

65A-66A 
American Photocopy Equipment Co 31A-32A 
AMP, Inc. 39A 
Armour Research Foundation of illinois Institute of Technology 72A 
Arnold Engineering Co., The 71A 
Automatic Switch Co. 4A 


AIEE Special Publications 
Allen-Bradley Co. 


Bell Telephone Laboratories 22A 
Biddle Co., James G 38A 


Bussmann Manufacturing Co 54A-55A 


Chose-Shawmut Co., The 48A-49A 
Christie Electric Corp 34A 
74A, 75A 


Inc 82A 


Classified Advertising 


Control, A Division of Magnetics 


Dossert Manufacturing Corp 


Dow Corning Corp 


Eagle Pencil Co. 
Eitel-McCullough, Inc 


Electrovert, Inc. 


Flint Steel Corp. 








Medium Sized Mid-West Manufacturer Doing 
National Business for Over 50 Years Needs 


DEVELOPMENT ENGINEERS 
ADMINISTRATIVE ENGINEERS 
METHODS ENGINEERS 
ENGINEERING EDITOR 


of 50.000 


educatior 


and 
and opportunit 
working conditio! 
Salary commens 
insurance 


excellent 


Give complete 


ence, including detaile 


State minimum acceptable sala 


Box 601 
Electrical Engineering 
33 W. 39th Street 
New York 18, N. Y. 














Please mention ELECTRICAL ENGINEERING when writing to advertisers 


ADVERTISERS 


G & W Electric Specialty Co. 10A-11A 
Gai-Tronics 44A 
Gorrett Corp., The AiResearch Division 70A 
4th cover, 37A 

3d cover 


General Electric Co. 
General Radio Co 
General Telephone Labs., Subsidiary of Automatic Electric Co. 75A 


Hevi Duty Electric Co. 
Holophane Co., Inc. 
Hughes Aircraft Co. 


Internctional Business Machines Corp. 60A 
International Rectifier Corp. 6A 
1-T-E Circuit Brecker Co., Switchgeor Division 23A-26A 


1-T-E Circuit Breaker Co., Small Air Circuit Brecker Division 45A 


Kearney Corp., James R 


Kuhimon Electric Co 


Loke Shore Electric Corp 
Lenkurt Electric Co 


Mognetic Metcls Co 


Mognetics, inc., Control Division 


National Carbon Co., A Division of Union Carbide Corp 41A 
Netione! Electric Coil Co S9A 
28A-29A 
Notver Corp. 35A 


National Electric Products Corp 


Ohmite Manufeocturing Co 
Okonite Co., The 


Oldsmobile Division, General Motors Corp 


Perkin Engineering Corp 16A 
Permag Corp 34A 
68A, 70A 
Precision Transformer Corp 532A 


Personnel Service Inc. 


Professional Engineering Directory 786A 


SA, 50A 
Radio Frequency Laborotories 18A 
Roebling’s Sons Corp., John A 14A-15A 
Rome Cable Corp. 61A 


Radio Engineering Products Ltd 


S & C Electric Co. 
Showmanship, inc 

Sorgei Electric Co. 

Southern Stotes Equipment Corp 
Square D Co. 


Tektronix, Inc. 


Wame Co., The 46a 


Westinghouse Electric Corp. 20A-21A, 744 


ELECTRICAL ENGINEERING 








mae Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS No.15 





Silicone Insulated Transformers 
Light-Weight, Maintenance Free 


Added proof that you get “more power 
per pound” and maximum reliability 
with silicone electrical insulation is 
provided by Moloney Electric Com- 
pany’s new line of 3-phase, nitrogen 
filled, dry-type transformers. 


) KVA rat 


SILICONE RUBBER ASSURES RELIABILITY 
OF ELECTRONIC PACKAGES" ON B- 38 


In reaching for new plateaus of per- 

formance and reliabilit y. designers are 
getting an assist from Silastic’, the. 
Dow Corning silicone rubber. Typical is 
the extensive use of Silastic to insulate 
and protect the delicate electronic 
“packages” in the fire control system on 


Convair’s B-58 Hustler 


Silicone Fluids on Insulators Stops Shorts a 


Imaginative use of a silicone fluid a 
enabled Blue M Electric Company, Blue these cabinets. M 
Island, IIl., to engineer faster response 


and more accurate ee control into its 
laboratory humidity cabinets. 


Send Coupon for More 
Information 





ns 


DOW CORNING CORPORATION - Dept. 411 
Midiend, Michigan 


Please send me 


cones Meet ha. 


ee ea 


Moisture condensation t lator ipped soluti 
. a = rs = ZONE___S 
grommets that support the resistance wire and baked for one hour at 575 No. 61 os 





ATLANTA * BOSTON * CHICAGO + CLEVELAND + DALLAS * DETROIT * LOS ANGELES NEW YORK * WASHINGTON, D.C 


Canada: Dow Corning Silicones Ltd., 1 ; Greet Britain: Midland 


Silicones Lt L ; France: St 
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Want a standard power reactor from 50 to 


2000 watts? Put your finger on CONTROL 


xtra costs for 
saturable actors re yn for waiting ynstruction? 
be designed meet ur individua sign that insures 
f WE! ictors. “forever” operation with n ng Or maintenance, 


CONTROI offers tw oO ete line S$ Ol 
You pick them from our catalog. We take sub-assem 
from our shelves, add control windings to your specifica- Yes, there’s a real improvement here for harassed 
tions, and deliver complete units—fast. engineering departments. Standardization means reli- 


f operation is normal. 


i tv and quality at a competitive price. Write for Cata- 
i I I 


R-10 today and read all about it. CONTROL, Dept. 


~ 


CONTROL reactors are ready in eleven sizes in both 120 


) 


and 240 volt ranges ur un catalog R-10 gives v log 
complete physical and operating characteristics 1] EN-42, Butler, Penr ’ 
you, for instance, that six ampere-turns control] 

2,000 watts in the largest size, and that onlv two ampere- 


yf 


turns are needed for the 50-wat 


I these units. £& 
Reliability begins with oe GB et as Ss a) 


A DIVIQION OF MAGNETICS, INC 


t smallest size, illustrating 


) ELECTRICAL ENGINEERING when writing to advertisers ELECTRICAL ENGINEERING 








Artist's conception of tuned-cavity accelerator. 




















oa Aids in Design of 
y /* World’s Largest Mechanically-Tuned Cavity 


Research scientists at wa State ( 


G-R Type 1750-A Sweep Drive 
Wide Range of Speeds — 


Sweep Arc — adjustable fron 
Center-Position of Sweep Arc — a 
Universal Coupling System — f 


haf? height a 
é 


Limit-Switch Circuit — dis 


CRO Deflection Circuit — provide 
Blanking Circuit — eliminat 
Rated Maximum Torque — 24 
Price $460 All G-R Products 


GENERAL RADIO Company are now covered by s 


> Y ities 
275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. —~ jet ai 
Broad enue at Linden, Ridgefieid, N. J. NEW YORK AREA 000 N. Seward St. LOS ANGELES 38 j — 
zg. Md WASHINGTON, D.C 1150 York Road, A t Pa PHILADELPHIA \\ dy} ranty 
Los Alt { SAN FRANCISCO W. North A k Park, Ill. CHICAGO : 
In CANADA: 99 F 3! Parkway. TORONTO 15 

















New G-E metal-clad design eliminates moving from one side of unit to other for 
operation or maintenance, puts breaker and contro! at one position (A). New 


design also allows you to (B) cut foundation size, and (C) save station space. 


E W General Electric outdoor metal-clad design helps... . 


lash Installation, Maintenance Costs 


. General Electric 


the 





; 


l- heran: » the 
iaqQ because 


accessible at one 
men will not waste expensive time movi 
of the unit to the other. The “‘dutch doo 
swings out to provide easy access t 
Also, the breaker can be 
the panel. 
The new outdoor metal-clad 


ida 


is 
assembled protected aisle as optional For 
more information, contact your nearest General Electric 
Apparatus Sales Office, or write Section 511-28, General 
Electric Company, Schenectady 5, New York. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





